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Vazeni priznivci tunelq,

tfi roky uplynuly jako voda a opét je tu konference Podzemni stavby Praha. Drzime se osvéd¢eného formatu konference,
ktery se snazime oZzivit nestandardnimi akcemi. Pfed tfemi lety byla konference usporddana spole¢né s Vychodoevropskou
tunelafskou konferenci (EETC) a do programu konference byl zarazen ptildenni seminai' zaméfeny na méstské tunely. Letos
probéhne v nedéli pred konferenci celodenni kurz pro mladé inZenyry zaméteny na piipravu a vystavbu podzemnich staveb.
Béhem konference pak bude uspotrddéna panelova diskuse zamétrend na dlouhé Zeleznicni tunely, které se zucastni feditelé
vystavby bazovych tuneld z Rakouska a Svycarska. V Ceské republice jsou dlouhodobé planovany dva Zelezni¢ni tunely
délky pres 20 km (tunel Praha — Beroun a tunel pod Krusnymi horami), tudiZ diskuse aspektti obdobnych projektti by pro
dané projekty mohla byt pfinosnd. Snad se obé netradi¢ni akce setkaji s kladnym ohlasem. Z odborného programu by opét
mély zaujmout Givodni a vyzvané prednasky, na které standardné zveme renomované zahrani¢ni odborniky, jejichZ aktivniho
a vstiicného piistupu si dlouhodobé velmi vazime. Doufdme, Ze nezklameme ani tcastniky, u kterych prevazuje diraz na spolecenskou stranku
konference. Pro setkdvani a diskuse bude ¢as i misto, samozrejmé s dostatkem kvalitniho obcerstveni.

Konferencni ¢islo ¢asopisu Tunel je tradi¢né vénovano hlavnim sponzorim konference. Letos to jsou firmy Metrostav a Subterra, obé spole¢nosti
dodaly po tfech ¢lancich. Prvni ¢lanek je zaméfeny na vyuziti definitivniho osténi ze stfikaného dratkobetonu spolecné se stiikanou hydroizolaci
v propojce 8 tunelt Ejpovice. Prosazovani nestandardnich feSeni je na ceskych projektech znacné komplikované, proto je sympatické, Ze se to v da-
ném pripadé podafilo. Vzhledem k nedostatku tunelovych projekti v CR je nasledujicich pét ¢lankt zaméfeno na zahrani¢ni projekty uvedenych
eskych firem. Postupné jsou piedstaveny projekty stanice metra Espoonlahti ve Finsku, dalni¢niho tunelu Zilina na Slovensku, razby priizkumnych
tunell pro silniéni obchvat Stockholmu, Zelezni¢niho tunelu Milochov na Slovensku a dalni¢niho tunelu Herrschaftsbuck v Némecku. Urcité je
pozitivni, Ze se ¢eskym zhotovitelskym firmdm dafi ziskdvat a uspéS$né realizovat zahrani¢ni zakdzky. Posledni ¢lanek ptipomind, jak byly u nas
provadény statické vypocty NRTM pii jejim zavadéni do CR po roce 1990. Dany ¢ldnek by mél byt poucny predeviim pro mladsi kolegy, aby si
uvédomili vyhody soucasnych moznosti dostupnych vypocetnich programi, jejichZ vyuziti umoziiuje rychleji a podrobnéji provéfit statické chovani
navrhovanych podzemnich konstrukci.

Ctenafim Sasopisu pieji zajimavé a pouéné &teni. Vem dcastnikiim konference preji, aby pro né byla tato akce pifjemnym zaZitkem.

Zdar Buh!

prof. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE
predseda védecké rady konference PS 2019
¢len redakéni rady

Dear sympathisers of tunnels

Three years have passed like water and the conference Underground Construction Prague is again here. We keep to the proven conference format
and try to revive it with nonstandard events. Three years ago, the conference was organised jointly with the Eastern European Tunnel Conference
(EETC) and a half-day seminar focused on urban tunnels was incorporated into the conference programme. This year an all-day course for young
engineers focused on preparation and implementation of underground construction projects will be held on the Sunday before the conference. A pa-
nel discussion focused on long railway tunnels will be organised during the conference and directors of base tunnels from Austria and Switzerland
will participate in it. There are two over 20km long railway tunnels planned in the long term in the Czech Republic (the Prague — Beroun tunnel
and a tunnel under Erzgebirge Mountains). Discussions about aspects of similar tunnels would therefore be beneficial for the projects. Hopefully,
both events will meet with a positive response. Regarding the technical programme, the keynote and invited lectures, for which we invite renowned
foreign experts, should again attract the attendees. We always appreciate the active and friendly approach of the experts. We believe that we will not
disappoint even the participants for which the emphasis on the social aspect of the conference prevails. There will be time and room for meetings
and discussions, of course together with plenty of quality refreshments.

The conference issue of TUNEL journal is traditionally dedicated to main conference sponsors. This year they are represented by the companies
Metrostav and Subterra. Each of them submitted three papers. The first paper is focused on the use of the final steel fibre reinforced shotcrete li-
ning with spray-applied waterproofing membrane in cross passage No. 8 of the Ejpovice tunnel tubes. Enforcing nonstandard solutions for Czech
projects is significantly complicated and it is for that reason nice that the effort was successful in this particular case. With respect to the lack of
tunnel construction projects in the Czech Republic, the following five papers are focused on foreign projects realised by the above-mentioned Czech
companies. They successively introduce projects for the Espoonlahti metro station in Finland, the Zilina motorway tunnel in Slovakia, excavation
of exploratory tunnels on the road by-pass of Stockholm, the Milochov railway tunnel in Slovakia and the Herrschaftsbuck motorway tunnel in
Germany. A certainly positive fact is that Czech construction contractors are successful in getting foreign orders and realising them. The last paper
reminds the readers how NATM structural analyses were conducted at the time when the NATM was being introduced in the Czech Republic after
1990. The paper should be enlightening first of all for younger colleagues so that they realise the advantages of current possibilities of the computing
softwares available, the application of which allows for faster and more detailed verification of structural behaviour of the underground structures
being designed.

I wish interesting and instructive reading to TUNEL journal readers. I wish all conference attendees that this event is pleasant experience for them.

Prof. Ing. MATOUS HILAR, M.Sc., Ph.D., CEng., MICE
Scientific Council Chairman of the UC 2019
Member of Editorial Board




VAZENI PRATELE,

jestli néco délam opravdu nerad, tak je to mluvit/psat o sobg. Ale
néjak se zacit musi a doufejme, Ze mne to k t€ém nasim tunelim do-
vede.

To, jak jsem se dostal do Metrostavu, je historka ke kavé. V roce
1973, po ukonceni studia na Stavebni fakulté, oboru KD, jsem hledal
uplatnéni. Touzil jsem se stat statikem. Préaci v projekci jsem nenasel
ani v jiznich Cechdch, odkud jsem, ani v Praze. ProtoZe jsem nemél
kde bydlet, zacilil jsem na zaméstnavatele, ktefi nabizeli ubytovani.
Z protekce mne vzal Metrostav, i kdyZ mél plny stav a nemél pro mne
odbornou praci.

Zacal jsem tedy jako asistent — geodet na metru IL.C. S Jirkou Kubou, Jardou
Vlkem, Honzou Pilafem a dvéma zedniky Ladou Blazkem a Frantou Hessem,
jsme v fepnych polich na dne$nim Jiznim Mésté zacali vyméfovat budouci stanice
metra Opatov a Hije. Cas béZel a ja jsem se stal stavbyvedoucim. Stanici metra
Opatov (Druzbu) jsem se svymi kolegy predal v roce 1980.

Stavéni mé zacalo bavit. Poslali mne dokoncit vodojem v Jesenici, pak na OZM
adepo v Hostivafi. Odtud jsem se presunul do Moskvy na stanici metra Prazskaja.
Potom zpét do Prahy na stanici metra a depo Zli¢in. Stal jsem se hlavnim stav-
byvedoucim. Potom II. etapa VDZ v Nesméficich, a poté zase na metro v Praze.

Zatim porad nikde Zadny tunel.

V roce 1991 jsem se stal feditelem divize 6. Stavéli jsme metro a spoustu vo-
dohospodafskych staveb po celych Cechéch. V roce 1993 mne GR Ing. Jindfich
Hess povolal do vedeni podniku. Stal jsem se technickym a pozdéji vyrobnim
a technickym feditelem Metrostavu.

Do té doby mé s tunely spojovaly jen dva zdznamy v indexu od profesora Stra-
ky.

Zacal jsem se znovu ucit. A ucitele jsem mél vyborné. Kromé Jindficha Hesse
a kolegli z Metrostavu, také profesora Zdenka Eisensteina z Edmontonu.

Od ruskych stita a erektort jsme presli na raZzeni novou rakouskou tunelovaci
metodou. Potom jsme si osvojili i raZeni razicimi stroji /TBM/ a skandindvskou
metodou ,,drill and blast*.

Soubézné s rozvojem tunelafiny Metrostav expandoval i v dalSich segmentech.
Stali jsme se univerzalni firmou.

Zavedli jsme procesni fizeni. Z Metrostavu jsme rozsifenim a diverzifikaci ¢in-
nosti a prostfednictvim akvizic vytvorili Skupinu Metrostav o obratu 35 miliard
korun. Stali jsme se absolutni jednickou na ¢eském stavebnim trhu. Nikdy jsme
neutrpéli finan¢ni ztratu. V poslednich deseti letech jsme se, v reakci na krizi,
dostali do svéta a etablovali se v severskych zemich, v Polsku, v Némecku, ale
i v Turecku a Bélorusku.

Z vyznamnych projekti v podzemi, které nas vzdy nékam posunuly dale, mu-
sim, kromé tuneli prazského metra, které nds nastartovaly, jmenovat i tunely na
méstském okruhu v Praze: Strahovsky tunel (s Vojenskymi stavbami), Mrazovka
(se Subterrou), Blanka, silni¢ni tunely na déalnici D8 — Panenska, Libouchec, Ra-
dejcin, Prackovice (se Subterrou), tunel Valik u Plzné, Zelezni¢ni tunely u Ejpovic.

V zahranic¢i je pro nas velkou vyzvou Island, kde dokoncujeme uz ¢tvrty krasny
tunel Dyrafjordur, tunely metra ve Finsku, silni¢ni tunely v Norsku, obchvat ve
Stockholmu (Subterra), podzemni dila silni¢ni i Zelezni¢ni na Slovensku (spolu
se Subterrou).

V tom vy¢tu nemohu nevzpomenout jeden tunel, ktery mi je velmi blizky, proto-
Ze jsem byl u jeho zrodu a podilel jsem se na jeho vyvoji i stavbé. Je to zaplavovana
Cast tunelu metra na trase IV. C mezi HoleSovicemi a Trojou pres Vitavu v Praze.
V roce 2002 prevzali autofi tohoto mimoradného dila prestizni cenu ,,Awards for
Outstanding Concrete Structures 2002 v japonské Osace.

V Metrostavu jsem Sestatyficaty rok, pficemz osmnact let jsem stravil v jeho
vrcholovych pozicich. Za tu dobu se mi osvédcilo pokouset se rozeznavat dileZité
od trividlniho, preferovat dlouhodobé cile pied kratkodobymi a pfedfazovat blaho-
byt organizace pfed osobnimi cili. Vzdy jsem podporoval
spolupraci na ikor konkurence.

Vazené kolegyné a vazeni kolegové, vazeni Ctendri Ca-
sopisu Tunel, vazeni tucastnici mezindrodni konference
Podzemni stavby Praha 2019, tuneléfi, pfeji vam vSem, aby
vam naSe femeslo pfinaselo tolik radosti, jako pfinaselo
a pfinasi mné.

Presto, Ze v souCasnosti neni v nasi zemi do ¢eho pich-
nout, vidim svétlo na konci tunelu.

JIRI BELOHLAV
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DEAR FRIENDS,

If there is something I really hate, it is to speak/write about myself.
Nevertheless, some beginning must be chosen and I believe that it will
get me to our tunnels.

The way in which I got to Metrostav is a story to be discussed over
coffee. In 1973, after finishing the studies at the Faculty of Civil Engi-
neering with a degree from the Department of Civil Engineering and
Traffic Structures, I was looking for fulfilment. I longed to become
a structural engineer. I did not find a job in a designing office either in
southern Bohemia, where I am from, or in Prague. Because I did not
have where to live, I focused on employers who offered accommo-
dation. Metrostav employed me as a favour, despite the fact that its
capacity was full and it had no professional job for me.

So I started to work in the position of an assistant — surveyor on the metro line
IIC. Together with Jirka Kuba, Jarda VIk, Honza Pilaf and two bricklayers, Lada
Blazek and Franta Hess, we started to set out the future metro stations, Opatov and
Haje, in beet fields in the current South City residential area. Time was running and
I became a site agent. Me, together with my colleagues, handed the Opatov (Druz-
ba) station over to the client in 1980.

Working on construction sites started to enjoy me. I was sent to finish the water
reservoir in Jesenice, then to the metro repair base and depot in Hostivat. From those
sites I was transferred to Moscow, metro station Prazskaja. Then back to Prague to
Zli¢in metro station and depot. I became a chief site manager. The second stage of
the Zelivka water scheme in Nesméfice followed, and then again metro in Prague.

Still no tunnel mentioned.

In 1991 I became the director of Division 6. We constructed metro and numerous
hydraulic structures all over Bohemia. In 1993, general director CEng. Jindfich
Hess called me to the Board of Directors. I became a chief technical officer and later
a chief operating and technical officer of Metrostav.

Until then only two records in the undergraduate’s course-unit record book made
by Professor Straka connected me with tunnels.

I started again to learn. My teachers were excellent. Apart from Jindfich Hess
and colleagues from Metrostayv, it was even professor Zdenék Eisenstein from Ed-
monton.

From Russian shields and erectors, we changed over to the use of the New Aus-
trian Tunnelling Method. Then we acquired even the method of driving tunnels
using tunnel boring machines (TBM) and the Scandinavian Drill&Blast method.

Parallel to the development of tunnel construction industry, Metrostav expanded
even to other segments. We became a universal firm.

We implemented the process management. We created the Metrostav Group with
the turnover of 35 billion crowns from Metrostav by expanding and diversifying its
activities and through acquisitions. We have become absolute number one on the
Czech market. We have never suffered a financial loss. In recent ten years we have
got, as a response to the crisis, into the world and established us in Nordic countries,
Poland, Germany, but also in Turkey and Belarus.

Of the important underground construction projects which have always shifted
us ahead, apart from the Prague metro tunnels which had launched us, I must also
mention the tunnels on the City Circle Road: the Strahov tunnel (constructed jointly
with Vojenské Stavby), Mrazovka (jointly with Subterra), Blanka, the tunnels on the
D8 motorway — Panenskd, Libouchec, Radej¢in, Prackovice (jointly with Subterra),
the Valik tunnel near Plzefi, railway tunnels near Ejpovice.

Regarding working abroad, the great challenge for us is Iceland, where we are
finishing the already fourth nice tunnel, Dyrafjordur, metro tunnels in Finland, road
tunnels in Norway, a by-pass in Stockholm (Subterra), road and motorway under-
ground structures in Slovakia (jointly with Subterra).

In this overview, I cannot forget one tunnel which is very close to me because
I was at its origination and participated in its development and construction. It is
the immersed section of the tunnel on Line IV C between HoleSovice and Tréja,
launched from riverside cofferdams across the Vltava. In 2002, the authors of this
exceptional design received the prestigious appreciation ,,Awards for Outstanding
Concrete Structures 2002 in Japanese Osaka.

It is already the forty sixth’s year that I have been with Metrostav. I have spent
eighteen years in its top positions. During that time, it worked for me that I tried
to distinguish the important from the trivial, to prefer long-
-term goals to short-term ones and to prefer prosperity of
the organisation to personal goals. I have always promoted
collaboration at the expense of competition.

Dear colleagues, dear TUNEL journal readers, dear atten-
dees to the conference Underground Construction Prague
2019, tunnel constructors, I wish all of you that our trade
brings so much joy to you as it brought and is bringing to
me.

Even though there is currently nothing to work on in our
country, I can see light at the end of the tunnel.

Prezident Skupiny Metrostav
President of the Metrostav Group
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VAZENI CTENARI,

té8i mé, Ze se mné znovu dostava pfilezitosti oslovit vas
na strankach Casopisu Tunel. Mrzi mé vsak, Ze text svého
minulého piispévku z roku 2017 by byl z velké ¢asti pou-
zitelny i dnes. Stacilo by jen zménit nekteré slovesné Casy,
ptipadné interpunkce. Tak napfiklad z minulé otdzky, zda
,-prorazky na tunelu Ejpovice a Kolektoru Hlavkiv most bu-
dou na delsi dobu v Cechach ty posledni, by se mohla stat
véta oznamovaci v ¢ase minulém a teckou na konci. Véta
bohuZel plné pravdiva.

Neustéle se proto musime vracet k tématu, jak v té€Zkych domécich
Casech zachovat své tunelarské kapacity a jejich profesionalni doved-
nosti. A fesime tedy otdzku — ,,Co délat“? Takto se ve svém prvnim
politickém traktdtu ptal i profesiondlni revolucionat Lenin byv inspi-
rovén stejnojmennym nazvem romanu ruského literata CernySevského.
Prvni snil o politické strané nového revolu¢niho typu, druhy o ,,novém
¢lovéku®. A o ¢em sni Subterra? Zdava se ndm o krasnych ceskych tu-
nelovych zakazkéch, na kterych jsme v minulosti ziskali firemni reno-
mé. Nékteré z nich struné pripomindme v kratkém exkurzu do historie
nasi spole¢nosti uvnitf tohoto ¢isla. Pfiznat se hned v tivodu odborného
Casopisu Tunel k tomu, Ze Subterra, kterd ma podzemi ve svém ndzvu,
nyni v tuzemsku zadny tunel nestavi, je ponékud paradoxni. Mrzi nas
proto, Ze domdci trh v souc¢asné dobé€ nenabizi v tomto oboru vice pfi-
leZitosti.

A vici obéma ruskym autorim je zde jesté jeden rozdil. Oba méli
na své premysleni spoustu ¢asu; revolucionar ve své poklidné emigra-
ci v kraji pod Alpami, literat v chladku cely Petropavlovské pevnosti.
Subterra, jejiz divize podzemniho stavitelstvi je z nasich stile tou nej-
pocetnéjsi, tolik ¢asu na hledani odpovédi neméla a musela je nalézt po-
mérné rychle. A tak obrétila svoji pozornost do zahranic¢i: na Slovensko,
do Némecka i do Svédska.

Na Slovensku nyni stavime Zelezni¢ni tunel Milochov. V Némecku
jsme uspésné provedli rekonstrukci Zelezni¢niho tunelu Alter Kaiser
Wilhem v malebném udoli feky Mosely a zahdjili, spole¢né se spo-
le¢nosti BeMo Tunnelling GmbH, vystavbu dvou silni¢nich tuneli —
Spitzenberg a Herrschftsbuck. Ve Svédsku, po dokoneni dvou pri-
stupovych tunelll, ziskala naSe dcefind spole¢nost SBT Sverige AB
zakédzku i na tunel hlavni, ktery bude soucasti nového severo—jizniho
délni¢niho obchvatu Stockholmu. Zakazka ma nazev FSE 209, Tunel
Skérholmen. O ni, stejné jako i o dalSich dvou zminovanych stavbach
— tunelech Milochov a Herrschaftsbuck se muizete blize docist uvnitf
tohoto ¢isla.

V osmdeséatych letech minulého stoleti pro§la Subterra diverzifikaci
oborovou, v poslednich letech si vnéjsi prostfedi vynutilo i diverzifikaci
teritoridlni. Loni jsme v zahranici realizovali piiblizn€ 31 % z naSeho
celkového obratu, nepocitdme-li naSe zahrani¢ni dcefiné spolecnosti
v Madarsku a ve Svédsku. Spole&né s nimi dosahla celkova vyse obratu
priblizné 6,8 miliardy K¢, coZ je v nasi dosavadni historii rekord. Po
ponékud kritickém a nostalgickém uvodu budu tedy koncit na viné op-
timismu. Opraviiuji mé k tomu nase dobré loniské vysledky potvrzujici
skutecnost, Ze Subterra si s nastrahami vnéjsiho prostfedi vzdy uméla
poradit. VEfim proto, Ze bude i v pfistich letech zdravou, spolehlivou
a ocetiovanou stavebni spolecnosti stavéjici tunely nejen v zahranici,
ale i v Ceské republice.

DEAR READERS,

I am pleased that I have again the opportunity to address
you on the pages of “TUNEL” journal. Nevertheless, I am
sorry that the text of my previous article from 2017 would
be largely applicable even today. Changing some tenses and
punctuation would be enough for this purpose. For example,
it would be possible to replace the previous question whether
the breakthroughs of the Ejpovice tunnel and the Hlavka
Bridge utility tunnel will be for a long time the last ones in the
Czech Republic with a sentence using a past tense, with a full
stop instead of a question mark at the end. Unfortunately,
such a statement would be completely true.

This is why we have to constantly return to the topic how we can
maintain our tunnel construction capacities and the professional skills of
our employees during hard times athome. It means that we are dealing with
the problem — “What to do?” Even Lenin, a professional revolutionary,
put this question in his first political writings having been inspired by
the novel of the same title written by Russian writer Chernyshevski. The
former one dreamed about a political party of a new revolutionary type,
whilst the latter dreamed about “a new man”. What does Subterra dream
about? We often dream about nice Czech tunnel construction projects
for which we won our renown in the past. We will briefly remind you
of some of them inside this “TUNEL” issue, in a short excursion to the
history of our company. It is paradoxical to admit at the beginning of
the professional “TUNEL” journal editorial that Subterra, having the
underground in its name, has currently no domestic tunnel construction
in its portfolio. We are therefore really sorry that the domestic market
does not offer more opportunities in this field.

And there is another difference in comparison with the two Russian
authors. Both of them had lots of time available for their contemplations;
the revolutionary in his placid emigration in the territory under the Alps
and the writer in a cool cell in the Petropavlovsk fortress. Subterra and
its underground construction division, the staff of which is still one of
our most numerous, did not have so much time available for seeking
the answer and had to find it relatively quickly. So it turned its attention
abroad, to Slovakia, Germany and Sweden.

In Slovakia, we are currently constructing the Milochov railway tunnel.
In Germany, we had successfully finished reconstruction of the Alter
Kaiser Wilhelm railway tunnel in a picturesque valley of the Mosel River
and started, together with BeMo Tunnelling GmbH, the construction of
two road tunnels — Spitzenberg and Herrschftsbuck. In Sweden, after
completing two access tunnels, our daughter company SBT Sverige AB
won the tender for the main tunnel, which will be part of the new north-
south motorway by-pass of Stockholm. The project is called FSE 209,
Tunnel Skédrholmen. You can read about it and other two above-mentioned
tunnels, the Milochov and Herrschaftsbuck, in this issue.

In the 1980s, Subterra passed through diversification of specialisations
and, in recent years, the situation on the market has enforced even the
territorial diversification. Last year we realised approximately 30% of our
total turnover abroad, if we do not count with turnovers of our foreign
daughter companies in Hungary and Sweden. Jointly, our turnover
reached approximately CZK 6.8 billion, which is a record in our history.
It means that, after a rather critical and nostalgic opening, I can finish
my article on the wave of optimism. The good results from the last year
give me the right to do it. Subterra has always been able to cope with
the pitfalls of the market. For that reason, I believe that it will remain
a healthy, reliable and valued civil engineering company
constructing tunnels not only abroad, but also in the
Czech Republic.

ING. ONDREJ FUCHS

generalni reditel, Subterra a.s.
Chief Executive Officer, Subterra a.s.
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TUNELY EJPOVICE — DEFINITIVNI ZAJISTENI PROPOJKY €. 8
STRIKANYM BETONEM
EJPOVICE TUNNELS - FINAL EXCAVATION SUPPORT OF CROSS
PASSAGE NO. 8 WITH SHOTCRETE

VACLAV ANDEL, PETR SVOBODA, PETR HYBSKY, STEFAN IVOR

ABSTRAKT

V zdvéru roku 2018 byl zprovoznén modernizovany isek Zeleznicni trati mezi Rokycany a Plzni. Soucdsti modernizace byla také vystavba
dvojice Ejpovickych tunelii, které se s délkou 4150 m a 4174,4 m staly nejdelsimi dily svého druhu v rdmci sité SZDC v Ceské republice.
Soucdsti obou tunelii je osm propojovacich chodeb vyrazenych pomoci technologie NRTM, které plni funkci evakuacni v pripadé mimo-
7ddné uddlosti a zdrover technologickou, kdy jsou v propojkdch umistény riizné technologie slabo- a silnoproudé nebo zabezpecovaci.
Predklddany prispévek se zaméruje mimo zdkladni shrnuti o prithéhu raZeb zejména na zkuSenosti 7 realizace definitivniho osténi propojky
& 8 pomoci stitkaného drdtkobetonu na rozdil od klasické betondZe definitivniho osténi do formy.

ABSTRACT

The modernised section of the railway line between Rokycany and Plzeri was brought into service at the end of 2018. The construction
of the couple of Ejpovice tunnels, which became with their lengths of 4150m and 4174.4m the longest structures of this type within the
Railway Infrastructure Administration network in the Czech Republic, was part of the modernisation project. Eight cross passages exca-
vated using the NATM are parts of both tunnels. They fulfil the evacuation role in cases of extraordinary events and, at the same time, the
technical role for various weak-current and heavy-current or interlocking equipment installed in the cross passages. In addition to basic
summaries of the excavation process, the paper is first of all focused on the experience from the construction of the final lining of cross
passage No. 8 using steel fibre reinforced shotcrete compared with casting concrete behind formwork.

1. OvoD 1. INTRODUCTION

Tunely Ejpovice jsou soucasti rozsahlého Zelezni¢niho liniové-
ho stavebniho projektu nazvaného ,,Modernizace trati Rokycany —
Plzen“. StéZejnim cilem tohoto projektu je dosazeni jizdni doby na
trase z Prahy do Plzné€ pod 1 hodinu z hlavniho nddrazi v Praze na
hlavni nadraZi v Plzni a téZ v opa¢ném sméru. V samotném tseku
Rokycany — Plzen se oproti stdvajicimu stavu jizda vlakem zkrati
pro vlaky o cca 9 minut (obr. 1).

2. CHARAKTERISTIKA PROJEKTU

Aby se mohlo docilit zrychleni jizdy vlaka v tomto tseku, projek-
tant investora navrhl dva jednokolejné tunely

The Ejpovice tunnels are parts of the extensive linear railway
construction project named “Modernisation of Rokycany — Plzen
railway line”. The key objective of the project is to achieve the travel
time on the route from Prague to Plzeni from the main railway station
in Prague to the main railway station in Plzeil and also in the opposite
direction shorter than 1 hour. In the Rokycany — Plzen section itself
the train travel time will be reduced by ca 9 minutes (see Fig. 1).

2. PROJECT CHARACTERISTICS

The project owner’s designer proposed two 4150m long single-

délky cca 4150 m vcetné osmi propojovacich
chodeb, tzv. propojek. Jednokolejné tunely
byly raZeny pomoci technologie TBM, kdy
raZzeny profil tuneld byl cca 10 m. Propojky,
které se nachdzeji po vzdalenosti do 500 m
mezi tunely, byly raZeny pomoci technologie
NRTM a jejich délka byla ddna osovou vzda-
lenosti tunell od cca 15 m aZ po cca 35 m.
V zadavaci dokumentaci stavby bylo osténi
vSech propojek navrZeno jako dvouplastové,
tj. klasické primarni osténi, mezilehld folio-
vé izolace a trvalé ZB osténi betonované do
formy.

Geologicka stavba zajmového tzemi byla
pomérné komplikovana (obr. 2). K nejstarsi
jednotce zde patfi horniny svrchniho prote-

2y X

rozoika zastoupené pievazné tmavymi bridli-

cemi a méné pak svétlymi prachovci. V misté

tektonickych z6n jsou horniny s extrémné
velkou hustotou diskontinuit a vyskytuji se

Obr. 1 Pohled na tunely u vjezdového praZského portdlu
Fig. 1 A view of the tunnels at the Prague entrance portal
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Obr. 2 Podélny rez tunelu s predpoklddanou geologii
Fig. 2 Longitudinal tunnel section with the assumed geology

1 polohy podrcenych, vodonosnych hornin. Proterozoické bfidlice
byly zastiZeny v rozmezi stani¢eni cca km 96,250-98,850. Tyto se-
dimenty jsou prostoupeny vulkanity, které tvoii vyznamnou terénni
elevaci — kopec Chlum. Jedna se o jemnozrnné masivni horniny
prevazné zelenoSedé barvy — spility, které maji kromé svrchnich
partii obvykle stfedni aZ malou hustotou diskontinuit. Spility se vy-
skytovaly od staniceni cca 98,850 do 100,000, tzn. do konce trasy.

Z geologické stavby tunell je ziejmé, Ze Sest propojek bylo raze-
no ve sloZitych geologickych podminkach prevazné bridlic s rtz-
nou velkosti pfitokl podzemni vody a dvé propojky ve velmi pev-
nych spilitech bez vyraznych pritoki podzemni vody. Na zakladé
téchto priznivych skutecnosti (s geologii ve spilitech) se investor
na navrh zhotovitele priklonil k realizaci alternativniho definitiv-
niho osténi horni klenby propojky ¢. 8 ze stikaného dratkobetonu
a stiikané izolace.

3. PRUBEH RAZEB TUNELU TECHNOLOGII TBM

Tunelovaci stroj pro razbu Ejpovickych tuneli vyrobila speci-
alizovana némecka firma Herrenknecht pod sériovym oznacenim
S-799. V prostorach jeji tovarny ve mésté Schwanau byl stroj kom-
pletné sestaven. Za tucasti zdstupcl zhotovitele byly provedeny
provozni zkouSky a po jejich odsouhlaseni byl stroj demontovan
na transportovatelné dily tak, aby byl pfipraven k pfevozu do mis-
ta vjezdovych portali obou tunelll situovaného nedaleko od obce
Kysice.

Zahajeni razeb tunelovacim strojem vSak nabralo zpozdéni z di-
vodu rozsdhlého archeologického prizkumu v zafezu v predportali
obou tuneltl. Teprve na podzim roku 2014 byl zahéjen pfevoz tune-
lovaciho stroje z vyrobny. Rozmérné a hmotné dily byly transpor-
tovany dopravou lodni, ostatni dily dopravou kamionovou. Spolu
s dopravovanim dili probihala i montaz stroje. Po jejim dokonceni
bylo nutné tunelovaci stroj op€tovné podrobit provoznim zkous-
kam, kterymi se prokdzala jeho pripravenost pro zahajeni razeb.

Razby jizni tunelové trouby (JTT) byly zahdjeny na prelomu
ledna a tnora 2015 z vjezdového portalu u obce Kysice (obr. 1).
V prostiedi bridlic, tj. pod kopcem Homolka a ¢astecné kopcem
Chlum, razil tunelovaci stroj v tzv. zeminovém reZimu a v prostiedi
pevnych spilitd kopce Chlum v tzv. skalnim reZimu. JiZ od pocat-
ku raZzeb narazili pracovnici na geologické podminky, které byly

track tunnels with eight cross passages so that the acceleration of
the train journey could be possible. The single-track tunnels with
the excavated cross-section of ca 10m high were driven using the
TBM technique. The cross passages between the tunnel tubes
carried out at the spacing of 500m were driven using the NATM.
Their length was determined by the distance between the main
tunnel centres ranging from 15m to ca 35m. The lining of all cross
passages was determined in the design for tendering as a double-
shell structure, i.e. a classical primary lining, an intermediate
waterproofing membrane layer and permanent RC lining with
concrete poured behind formwork.

The geological structure of the area of interest was relatively
complicated (see Fig. 2). The oldest unit in this area comprises the
Upper Proterozoic rock types, mostly dark shale and, to a smaller
extent, light siltstone. In the locations of fault zones, there is rock
mass with closely spaced jointing, even layers of crushed water-
bearing rock. The Proterozoic shale was encountered between
chainages km ca 96.250-98.850. The sediments are interspersed with
volcanites, which form a significant terrain elevation — Chlum hill.
The encountered rock is of the spilite type, green-grey, finely grained,
usually with moderate to wide spacing of discontinuities (with the
exception of upper parts). Spilite was encountered between chainage
metres 98.850 to 100.000, it means up to the end of the route.

It is obvious from the geological structure of the tunnels that
six cross passages were driven through complicated geology,
mostly shale with various rates of groundwater inflows, and two
cross passages driven through very hard spilite without significant
groundwater inflows. Based on the positive facts regarding
the geology formed by spilite, the project owner inclined to the
realisation of an alternative final lining of the upper vault of cross
passage No.8 consisting of steel fibre reinforced shotcrete and
a spray-applied waterproofing layer.

3. THE COURSE OF DRIVING THE TUNNELS USING
THE TBM TECHOLOGY

The tunnel boring machine for driving the Ejpovice tunnels
was manufactured by Herrenknecht AG, a specialised German
company, under the serial marking S-799. The machine was
completely assembled in Herrenknecht factory in the town of




komplikovanéjsi, nez jaké predpokladala zadavaci dokumentace.
Prostfedi mélo mnohem vyssi stupeni abrazivnosti, vyznacovalo se
vysokymi pfitoky podzemni vody (v maximech az 28 1/s) a jako
celek bylo mélo stabilni s vysokou propustnosti. VSechny tyto sku-
teCnosti zptisobovaly zpomaleni raZeb oproti predpokladiim.

Takové podminky vyrazné komplikuji razby a nuti zhotovitele
postupovat s vysokou opatrnosti, kterd ve vysledku znamena ca-
sova zdrZeni, oproti plivodné planovanym postuptim. I pfesto, Ze
se podafilo dosdhnout tctyhodnych dennich (32 m) i mési¢nich
(526 m) maxim, trvala raZba jizni tunelové trouby celkem 16 mési-
cu. Je vSak tfeba zminit, Ze navzdory ¢asovému zdrZeni se metoda
mechanizovaného tunelovani ukézala jako vhodné feSeni, nebot
v komplikované geologii obstala.

Razba jizni ejpovické tunelové trouby ukazala zhotoviteli mno-
ha uskali, kterd v sob& horninové prostiedi skytalo. Zhotovitel na
né reagoval jiz v prubéhu razeb, ovSem v piipadé technologie me-
chanizovaného tuneloviani mél v tomto ohledu moZnosti omezené.
Neni moZzné provadét pfili§ zmén na jiZ nasazeném tunelovacim
stroji, a pokud, tak se nejednd o zmény zdsadni. Proto napjal své
usili k pfipravé opatieni, kterd mohl realizovat v obdobi mezi ukon-
¢enim razby prvniho a zahdjenim raZzby druhého tunelu. V tomto
obdobi byl stroj demontovan, po ¢astech pievizen a nasledné opét
montovan pro razbu severni tunelové trouby.

V zafi roku 2016 se Viktorie vydala zdolavat prvni metry sever-
ni tunelové trouby (STT). Na plné obratky se v soubéhu rozjely
i dal$i prace. V jizni tunelové troubé se betonafi starali o pokladku
vypliiového betonu dna tunelu véetn€ v ném umisténych trubnich
vedeni. Na vyplnovy beton se dile betonovala 40 cm silnd deska.
Po jejim zhotoveni bylo pfistoupeno k razbé propojek podle zasad
NRTM. Zpusob jejich vystavby v nejvyssi mozné mife vyuZival
pracovnich soubé&hil. Zacalo se od propojky €. 1 (tj. ze sméru za-
héjeni razby severniho tunelu), jeZ se vyrazila, zajistila primarnim
osténim ze stfikaného betonu, svornikd, KARI siti a ramu BTX,
provedla se féliova izolace, armovani a betonaZz definitivniho osténi
dna. TentyZ postup nésledoval i na klenbé propojky. V zavérecné
fazi byly takto provedeny i tzv. krcky, tedy prechody konstrukci
propojek na segmentové osténi obou tratovych tuneli.

Na razbé severniho tunelu se mezitim zhodnocovala technickd
feSeni a opatieni, kterd zhotovitel navrhl a zrealizoval na zakladé
zkuSenosti z razeb jizniho tunelu. Prvni skupinou opatfeni, kterd
zhotovitel provedl pro razbu severniho tunelu, byla ta, jimiZ upra-
voval samotné horninové prostiedi. JelikoZ prvni usek cca 250 m
razeb probihal v Caste¢né nizkém nadloZi s vydatnymi pfitoky
podzemni vody, navic v prostiedi s kratkodobou stabilitou, bylo ve
spolupraci s Radou monitoringu rozhodnuto o odvodnéni této Cas-
ti horninového prostiedi skrz jiz vyraZenou jizni tunelovou troubu
a Cerpani vody s vyuzitim vrti dopliikového geotechnického pri-
zkumu na povrchu. Skrze jeji segmentové osténi byly v pravidel-
nych krocich udélany pravrty, jejichZ prostfednictvim byla vyrazné
sniZena hladina podzemni vody. Velké komplikace razeb zpiisobo-
vala vysokd abrazivnost prostfedi. V jejim disledku se mnohem
rychleji, neZ se predpokladalo, opotfebovévaly fezné nastroje. Ten-
to fakt nejenZe ve svém disledku zptsobuje zpomaleni razeb, ale
vyZzaduje také mnohem Castéjsi zastavky z diivodu nutnosti vymeén
feznych nastroja. V prostiedi s omezenou stabilitou vyrubu je vSak
velmi obtizné nalézt vhodné misto, kde by bylo mozné zastavit,
vyprazdnit odtéZovaci komoru a vstoupit do tohoto prostoru za
ucelem vymeény feznych nastroja.

Z tohoto divodu bylo pfistoupeno k opatfeni v podobé zlepSeni
horninového prostfedi v pfedem napldnovanych mistech zastavek
pro kontrolu a vymeénu feznych néstrojii. Zlepseni se provadélo po-
moci monolitickych podzemnich stén. Podzemni stény mély délku
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Schwanau. Operational tests were conducted in the presence of
contractor’s representatives. After approving the test results, the
machine was disassembled to transportable parts so that they were
prepared for transport to the location of the entrance portals of both
tunnels near the municipality of Kysice.

But the commencement of driving the tunnel with the tunnel
boring machine was delayed because of an extensive archaeological
survey in the cutting in pre-portal areas of both tunnels. The
transport of the tunnel boring machine from the factory started as
late as autumn 2014. Large and heavy parts were transported by ship
and the other components by lorries. Assembling of the machine
proceeded simultaneously with the transport of the components.
After the completion of the TBM assembly, the machine had to be
again submitted to operational tests, which confirmed that it was
prepared for the commencement of the tunnel excavation.

Driving the southern tunnel tube (STT) started from the entrance
portal near the municipality of KySice (see Fig. 1) at the end of
January 2015. In the environment formed by shale, i.e. that under
Homolka hill and partially under Chlum hill, the tunnel boring
machine worked in the earth pressure balance (EPB) mode, whilst
the hard rock mode was used in the environment formed by strong
spilite under Chlum hill. Since the beginning of the excavation, the
workers encountered geological conditions more complicated than
assumed by the tender for tendering. The degree of abrasiveness
of the environment was much higher and the environment was
characterised by high groundwater inflows (with the maximums
up to 28L/s). As the whole, the environment was little stable, with
high degree of permeability. All of the above-mentioned facts
caused reduction of the excavation advance rates in comparison
with assumptions.

Such the conditions significantly complicate excavation of
tunnels and force contractors to proceed with high caution, which
in the result means time delays in comparison with the originally
planned excavation advance rates. Even despite the fact that
respectable maximum daily (32m) and monthly (526m) advance
rates were achieved, the excavation of the southern tunnel tube took
16 months in total. But it is necessary to mention that despite the
delay the mechanised tunnelling method turned out to be a suitable
solution because it stood the test by the complicated geology.

The excavation of the southern tube of the Ejpovice tunnel
showed many pitfalls the rock environment brought to the
contractor. The contractor responded to them already during the
course of the excavation, but in the case of mechanised tunnelling,
contractor’s options in this regard were limited. It is impossible
to carry out many changes on the already launched TBM and, if
it is possible, the changes are not fundamental. For that reason
contractor’s employees made an effort to prepare measures they
could implement during the period between the completion
of the excavation of the first tunnel and commencement of the
excavation of the second tunnel. During this period, the machine
was disassembled, transported in parts and subsequently again
assembled for driving the northern tunnel tube.

In September 2016, Viktorie TBM set out to conquer initial
metres of the northern tunnel tube (NTT). Even other operations
proceeded in full swing simultaneously. In the southern tunnel tube,
concrete workers were taking care of the placement of mass fill
concrete on the tunnel bottom, including the embedded pipelines. A
40cm thick slab was subsequently concreted on the top of the mass
fill concrete. After its completion the miners proceeded to excavate
the cross passages in compliance with the NATM principles. The
construction procedure applied working concurrently on several
cross passages as much as possible. The excavation started from the
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Fig. 3 TBM excavation monthly advance rates

15 m, Sitku lamely 1,2 m a vZdy se provadély tii v t€sné blizkosti
za sebou. Podzemni stény se provadély do hloubky poloviny pro-
filu fezné hlavy. Diky podzemnim st€éndm bylo moZno v predem
pripravenych mistech zastavit razbu a provést prace na fezné hlavé
bez nutnosti jejich provadéni v pretlaku vzduchu, ktery by kvu-
li vysoké propustnosti prostfedi byl velice rizikovy s ohledem na
bezpecnost prace v disledku nahlého uniku vzduchu.

Technicka vylepSeni byla realizovdna i na samotném tunelova-
cim stroji. Nejvice viditelna byla dvojice zafizeni, ktera pomaha-
la fesit obtizny problém s upravou bridlicovych hornin do poZa-
dované konzistence. Prvnim zafizenim byl firmou Metrostav a.s.
vyvinuty automaticky systém na pripravu a cerpani homogenniho
roztoku vody a polymeru. Polymer je latka, ktera se pouziva pro
véazani vody a to predevsim pfi jejich vysokych pritocich. Vysledek
byl viditelny témér okamZité. Projevil se snizenim tlaku na vystupu
ze Snekového dopravniku a predev§im mnohem lepsi téZitelnosti
rubaniny.

Druhym instalovanym zafizenim byly vysokotlaké vodni trys-
ky osazené na feznou hlavu a do odtéZovaci komory. Skrze trysky
bylo moZzné do mist nachylnych k zalepovéni se aplikovat vodu
nejen pod vysokym tlakem, ale i ve velkém mnoZstvi.

Veskera opatfeni v kone¢ném dusledku prispéla k mnohem hlad-
$imu pribehu razeb druhého tunelu oproti tunelu prvnimu. To se
projevilo predevSim na Case, nebot zhotoviteli se podafilo vyrazit
severni tunelovou troubu o vice nez Ctyfi mésice diive neZ troubu
jizni (obr. 3). Zaroven s tim bylo dosazeno rekordniho denniho vy-
konu o hodnoté 38 m a mési¢niho vykonu 702 m.

Po prorazce severni tunelové trouby bylo tieba tunelovaci stroj
v co nejkrats§im mozném Case demontovat a odvést. Metrostav a.s.
proto provedl odpojeni Stitové ¢asti a jeji pfesun cca 100 m vpied
z prostiedi portdlové Casti tunelu. Pfesun probihal tak, Ze celd
800 tun vazici §titova ¢ast byla vyzvednuta na ocelovych stojkach
ze systému Pizmo (PIlif Zelezni¢nich MOstil) a posazena na pre-
dem pfipravené betonové pasy. Po nich se posouvala po teflono-
vych deskdach, které sniZovaly tfeci silu, pomoci hydraulickych
tdhel. Po presunu Stitové ¢asti se v prostoru portalu postupné roze-
biraly jednotlivé voziky zavésu stroje.

4. DEFINITIVNI OSTENI ZE STRIKANEHO BETONU
S ROZPTYLENOU VYZTUZI

Definitivni osténi propojek ¢. 1 aZ 7 je navrZzeno z monolitické-
ho Zelezobetonu. Jako alternativni varianta k takto provedenému
definitivnimu osténi bylo definitivni osténi propojky €. 8 navrzeno
a také provedeno ze stfikaného betonu vyztuZeného rozptylenou

top heading of cross passage No. 1 (i.e. viewed from the direction
of the commencement of driving, the northern tunnel), which was
excavated, supported with primary shotcrete lining, rock bolts,
KARI welded mesh and a BRETEX lattice girder. Waterproofing
membrane was placed, concrete reinforcement was installed and
the final lining of the bottom was concreted. The same procedure
was subsequently applied to the invert of the cross passage. The so-
called necks, i.e. transitions between the cross passage structures
and the segmental lining of both running tunnels, were carried out
in the final phase.

The technical solutions and measures designed and realised by the
contractor on the basis of experience from the southern tunnel tube,
were meanwhile advantageously applied to driving the northern
tunnel tube. The first group of measures the contractor implemented
to driving the northern tunnel was used for modification of the
rock environment. Because of the fact that the initial ca 250m long
section of excavation passed under a partially low overburden with
substantial groundwater inflows, which formed in addition a short-
term stability environment, a decision was made in collaboration
with the Monitoring Board that the particular section of the rock
environment would be drained through the already excavated southern
tunnel tube and by pumping water through boreholes made earlier
from the surface for the complementary geotechnical investigation.
The water table level was significantly lowered by means of holes
which were drilled at regular intervals through the segmental lining.
Serious complications were caused to the excavation due to high
abrasiveness of the environment. It caused wearing of cutting tools
much quicker than expected. This fact not only caused reducing of
the excavation advance rates, but also required much more frequent
stoppages necessary for replacing the cutting tools. But it was very
difficult in the limited-stability environment to find a suitable place
where it would be possible to stop, empty the extraction chamber and
enter that space with a task to replace the cutting tools.

For that reason the contractor proceeded to apply the measure
having the form of improving the ground environment at pre-planned
points of breaks required for checking and replacing the cutting
tools. The improvement was carried out by means of cast-in-situ
diaphragm walls. The diaphragm walls were 15m long and consisted
of 1.2m thick lamellae; three walls were always carried out close
behind each other. The diaphragm walls were carried out to the depth
equal to the half of the cutterhead profile. Thanks to the diaphragm
walls it was possible to stop the excavation at pre-prepared points and
carry out the work on the cutterhead without necessity for working
in compressed air, which would have been very risky taking into
consideration the high permeability of the environment with respect
to safety at work in case of a sudden leakage of air.

Technical improvements were realised even on the TBM. A pair
of appliances helping to solve a difficult problem associated with
treating the shale-type rock to achieve required consistency was
visible most of all. The first appliance was an automatic system
of preparation and pumping of a homogeneous solution of water
and polymer, which was developed by Metrostav a.s. Polymer is
a matter which is used for binding of water and is applied mainly in
the cases of high groundwater inflow rates. The result was visible
nearly immediately. It manifested itself by reduced pressure at the
outlet from the screw conveyor and, first of all, by much better
workability of muck.

The other appliance was formed by high-pressure water jets
installed behind the cutterhead and into the extraction chamber. It
was possible to apply through the jets not only water under high
pressure, but also a large volume of water to places prone to being
covered with sticky clay.




vyztuzi z ocelovych vldken (dale v textu jen ,,stfikany dratkobe-
ton*).

NavrZeny stiikany dratkobeton lze jen obtizné nanaset na foli-
ovou izolaci. Slozité je dosdhnout dobrou soudrznost stfikaného
betonu a relativné pohyblivého podkladu, izolacni félie. Z tohoto
divodu je nutné jako podklad pod definitivni osténi ze stitkaného
dratkobetonu pouzit bezeSvou (stifkanou) izolaci, kterd je pevné
spojena s podkladem. Ejpovické tunely (tratové tunely i propojky)
jsou navrzeny jako zcela uzavieny hydroizola¢ni systém. Pro pro-
pojky v malo zvodnéném prostiedi spilitd pod vrchem Chlum je
navrzen stejny hydroizolacni systém.

Pokud pfi realizaci/nandSeni stfikané (bezeSvé) izolace dochazi
k velkym pfitokiim vody, je realizace slozita. Projekt definitivniho
osténi v propojce €. 8 pro tento piipad pocital i s moZnosti realizace
definitivniho osténi podle pivodniho navrhu jako monolitického
do bednéni s pouzitim svafované féliové izolace. Pritoky podzemni
vody je nutné sanovat pfed nandSenim stiikané izolace. To je moz-
né svody umisténymi na povrchu vyrubu prekrytymi stifkanym
betonem primarniho osténi popfipadé zatésnénim horninového
masivu injektazi puklin nebo pievedenim vody pfes izolaci a osténi
osazenim hadicek do mist soustfedénych pfitok vody. Hadicky se
po dokonceni definitivniho osténi zainjektuji/uzaviou.

4.1 Konstruk¢ni uspoiadani osténi v propojce €. 8

Definitivni osténi propojky ¢. 8 bylo navrZeno nasledovné: Dno
definitivniho osténi propojky, v¢etné krckd, napojujicich propojku
na osténi hlavniho tunelu z dratkobetonovych segmentd, bylo na-
vrzeno z monolitického betonu v kombinaci s féliovou svafovanou
izolaci. Osténi v klenb€ propojky bylo navrZeno ze stiikaného drat-
kobetonu s bezeSvou stiikanou izolaci.

Detail napojeni féliové izolace dna/krckd a stiikané izolace klen-
by byl navrzen presahem/prestfikanim foliové izolace a vnéjsiho
sparového pasu umisténého v podélné spare mezi dnem a klenbou
propojky bezeSvou izolaci. Volny okraj foliové izolace je prichy-
cen k primarnimu osténi pomoci Sroubované ocelové priruby, jejiz
vzdélenost od sparového pasu nesmi byt z diivodu mozného nad-
mérného odpadavani stiikaného dratkobetonu prili§ velkd. Vlastni
ocelova priruba musi byt pfichycena relativné husté tak, aby mezi
pfirubou a povrchem primdrniho osténi nevznikaly mezery.

Podklad pod stfikanou izolaci byl upraven nanesenim zhruba
4 cm silné vrstvy stfikaného betonu s maximalnim zrnem kameni-
vad 4 mm. Ucelem této vrstvy je zmensit hrubost povrchu a tim
sniZit spotfebu materidlu stiikané izolace. Alternativné lze jem-
néjsiho povrchu dosdhnout pouzitim stfikaného betonu s rychlym
pocatecnim nardstem pevnosti (pod kiivkou J3), anebo nanidsenim
stitkaného betonu podkladni vrstvy z vétsi vzdalenosti (cca 2 m).
Je vsak tfeba zajistit, aby podkladni vrstva byla dostatecné pevna
a hutna. V piipadé pérovité podkladni vrstvy mize dojit k migraci
podzemni vody touto vrstvou, coZ neni Zadouci.

Nosna Cast vlastniho definitivniho osténi ze stfikaného drétko-
betonu je navrzena s tlouStkou 100 mm. Z povrchu dokon¢eného
definitivniho osténi ,,tr¢i* ocelova vlakna. Povrch osténi je nutné
oSetfit tak, aby nemohlo dojit k poranéni. Norma CSN EN 14487-2
zakazuje Upravu povrchu stfikaného betonu hlazenim. Proto byla
navrzena a provedena 40 mm silnd dodatecnd kryci vrstva ze stfi-
kaného betonu bez vldken s pouze ochrannou funkci.

4.2 Navrh a posouzeni definitivniho osténi propojky

Navrh a posouzeni definitivniho osténi propojky z dritkobeto-
nu byly provedeny podle postupu uvedeného v rakouské smérnici
Richtlinie Faserbeton (alternativné je mozné pouZit postupu popsa-
ného v némecké smérnici DAfStb Stahlfaserbeton 2012). Vypocto-
vy postup uvazujici nelinedrni chovéani betonu (vcetné zohlednéni
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In the final result all measures contributed to the much smoother
course of the excavation of the second tunnel in comparison with
the first tunnel. It manifested itself first of all in terms of time
because the contractor managed to excavate the northern tunnel
tube four months faster than the southern tube (see Fig. 3). At the
same time the record daily and monthly advance rates of 38m and
702m, respectively, were achieved.

It was necessary after the northern tunnel tube breakthrough
to disassemble and remove the TBM at as short time as possible.
For that reason Metrostav a. s. disconnected the part with the
shield and shifted it ca 100m ahead from the portal part of the
tunnel. The process of shifting the TBM proceeded by lifting the
800 tonne shield to steel props (parts of the PIZMO bridge pier
assembly system) and was set on pre-prepared concrete plinths. It
was shifted along the plinths on teflon plates, reducing the friction
force, by means of hydraulic tie rods. After the shield shifting
operation, individual carriages of the back-up train were step-by-
step dismantled in the portal area.

4. FINAL LINING FROM STEEL FIBRE REINFORCED
SHOTCRETE

Cast-in-situ reinforced concrete was designed for the final lining
of cross passages No. 1 through to 7. Shotcrete reinforced with steel
fibres (herein after mentioned as steel fibre reinforced shotcrete)
was designed and applied to cross passage No. 8 as an alternative
to the final lining carried out in the above-mentioned way.

It is difficult to apply steel fibre reinforced shotcrete to a plastic
waterproofing membrane. The difficulty lies in achieving good
bonding of shotcrete with the relatively movable substrate, the
plastic waterproofing membrane. For that reason it is necessary
to use a seamless (spray applied) waterproofing membrane firmly
connected with the substrate for steel fibre reinforced shotcrete.
The Ejpovice tunnels (running tunnels and cross passages) are
designed as a fully enclosed waterproofing system. Identical system
is designed for cross passages in the water-bearing environment
formed under Chlum hill by spilite.

When large water inflows are encountered during the course
of applying the seamless waterproofing layer, the application is
difficult. In such a case, the design for the final lining in cross
passage No. 8 counted with the possibility of the realisation of
the final lining according to the original proposal, with a welded
plastic waterproofing membrane and in-situ casting of concrete
behind a formwork. Groundwater leaks have to be removed before
the installation of the spray-applied waterproofing membrane. The
leaks can be removed by water collecting pipes installed on the
surface of the excavation and covered with shotcrete forming the
primary lining, or by sealing the rock mass by grouting into fissures,
or by transferring water through the waterproofing membrane
and lining by installing small diameter hoses to the locations of
concentrated water inflows. The hoses are filled with grout/closed
after completion of the final lining.

4.1 Structural arrangement of lining in cross
passage No. 8

The final lining of cross passage No. 8 was designed as follows:
Cast-in-situ concrete combined with welded plastic waterproofing
membrane was designed for the bottom of the cross passage lining,
including the necks connecting the cross passage to the lining of
the main tunnel formed by steel fibre reinforced concrete segments.
Steel fibre reinforced shotcrete and the seamless spray-applied
waterproofing membrane was designed for the lining of the cross
passage upper vault.



28. rocnik - €. 2/2019

 fog= faa/1.5

3

0002 00035 =

010 0.0002,

— 2+ frau-Tras fris £all5
T E[k -

Obr. 4 Materidlovy model pro drdtkobeton dle Richtlinie Faserbeton
Fig. 4 Material model for steel fibre reinforced concrete according to the
Richtlinie Faserbeton

tahové pevnosti betonu) je v souladu s platnou normou pro navrh
betonovych konstrukci viz CSN EN 1992-1-1 kapitola 5.7 Neline-
arni analyza.

Smérnice Richtlinie Faserbeton predepisuje provedeni vypoctl
pro mezni stav tnosnosti (dle jen MSU) a mezni stav pouZitel-
nosti (dale jen MSP) s rozdilnou definici materidlového modelu
vlaknobetonu. Materidlovy model pro vypocty MSU je zaloZen
na pevnostnich parametrech odpovidajicich navrhovym hodnotam
pevnosti vldknobetonu (obr. 4), tj. charakteristickym pevnostem
redukovanym piislu§nymi souciniteli spolehlivosti. Tento model je
v disledku redukce pevnosti ,,mék¢i* (prislusna pomérna pretvore-
ni nejsou modifikovana), coz vede k nadhodnoceni deformaci. Vy-
poctovy model pro vypocty MSP je zaloZen na charakteristickych
pevnostech vlaknobetonu.

4.3 Prukazni zkouska stiikaného betonu s rozptylenou
vyztuzi

Na zdkladé vysledki vypocti a se zohlednénim mozZnosti do-
dani betonu na stavbu byl pro definitivni osténi navrZen stiikany
beton SB30 (C25/30XAl, XC1) d___8, typ III, obor narlstu pev-
nosti J1 vyztuZzeny rozptylenou vyztuzi z ocelovych vliken Dra-
mix 3D 55/35BG v mnozstvi 40 kg/m?® zamési.

Pred provedenim osténi bylo tfeba ovéfit splnéni vypoctovych
predpokladi, zejména tahové pevnosti. Pro ovéfeni byly provedeny
prikazni zkousky navrzené smési.

Detailni receptura byla navrzena a dritkobeton byl pfipraven
v betonarce TBG Plzen Transportbeton. Vlastni néstiik vzorkt byl
proveden v prostfedi propojky ¢. 6. Prostor propojky byl pouZzit,
aby prostiedi, ve kterém byly vzorky provedeny, co nejvic odpovi-
dalo skute¢nému mistu pouZiti. Nastiikané vzorky byly ponechdny
v propojce. Zde z nich byly po 28 dnech pfipraveny vzorky pro
pozadované zkousky.

Vysledky provedenych zkousek byly vyhodnoceny podle Richt-
linie Faserbeton. ZjiSténé pevnosti v tahu za ohybu po vzniku trhli-
ny odpovidaji pevnostnim tfidim T4 a GS5.

Statickym vypoctem byla poZadovdna pevnost v tahu za ohy-
bu po vzniku trhlin odpovidajici tfidam T1/G1. Pevnosti zjisténé
zkouskami tento pozadavek dalece prekracuji, a tak bylo mozné
navrzeny dratkobeton pouZit pro definitivni osténi propojky ¢. 8.

5 REALIZACE STRIKANEHO DRATKOBETONU

Po provedeni stiikané izolace (obr. 5) a nésledné technologické
pauze byla zahajena realizace stfikaného betonu horni klenby v pro-
pojce €. 8 za niz§ich teplot v tunelu (realizace na zacatku bfezna).

The design of the detail of the interconnection between the
plastic waterproofing membrane on the bottom or the necks and
the waterproofing membrane sprayed on the vault prescribed
overlapping of the plastic membrane and an external waterbar
installed on the longitudinal joint between the bottom and vault of
the cross passage and covering it with the seamless spray-applied
waterproofing membrane. The loose end of the plastic membrane
is attached to the primary lining by means of a bolted steel flange,
the distance of which from the waterbar was not allowed to be
too great with respect to the possible excessive falling of steel
fibre reinforce shotcrete off. The steel flange itself has to be fixed
relatively densely so that no gaps originate between the flange and
the surface of the primary lining.

The substrate under the spray-applied waterproofing membrane
was covered with an approximately 4cm thick layer of shotcrete
with the maximum aggregate grain size d___of 4mm. The purpose
of this layer is reducing the coarseness of the surface, thus reducing
the consumption of the spray-applied waterproofing material in
this way. As an alternative, finer surface can be achieved by using
shotcrete with rapid development of initial strength (under the J3
curve) or by applying the shotcrete sub-base layer from a greater
distance (ca 2m). It is, however, necessary to ensure that the sub-
base is sufficiently strong and compact. In the case of a porous
sub-base, groundwater may migrate through this layer, which is
not desirable.

The design thickness of the load-carrying part of the final steel
fibre reinforced shotcrete lining itself is set at 100mm. Steel wires
protrude from the completed final lining surface. The surface of
the lining has to be treated so that no injury can be suffered. The
CSN EN 14487-2 standard forbids treating of shotcrete surface by
smoothing. For that reason a 40mm thick additional cover layer
made of shotcrete without fibres, having only a protective function,
was designed.

4.2 Design and assessment of cross passage final lining

The design and assessment of the final steel fibre reinforced
concrete lining of a cross passage were conducted in compliance
with the procedure contained in the Austrian directive Richtlinie
Faserbeton (the procedure described in the German directive
DAfStb Stahlfaserbeton 2012 can be used as an alternative). The
calculation procedure taking into consideration the nonlinear
behaviour of concrete (including taking tensile strength into
account) is in line with the standard valid for designing concrete
structures, see CSN EN 1992-1-1 chapter 5.7 Nonlinear analysis.

The Richtlinie Faserbeton Directive prescribes conducting
calculations for the ultimate limit state and the serviceability
limit state with a different definition of the material model of
fibre reinforced concrete. The material model for the ultimate
limit state is based on strength-related parameters corresponding
to design values of fibre reinforced concrete strength (see Fig. 4),
i.e. characteristic strengths reduced by the respective confidence
coefficients. This model is “softer” as a result of the reduction of
strength (the respective relative deformations are not modified),
which fact leads to overestimation of deformations. The calculation
model for the serviceability limit state is based on characteristic
strengths of fibre reinforced concrete.

4.3 Preconstruction test of fibre reinforced shotcrete

SC30 (C25/30XAl, XCl1),d 8, type IIL, J1 early strength class
shotcrete reinforced with 40kg of Dramix 3D 55/35BG steel fibres
per m® of the mixture was designed for the final lining on the basis
of calculation results, with the possibilities of supplying concrete
to the construction site taken into account.



Obr. 5 Realizace stiikané izolace
Fig. 5 Application of spray-on waterproofing

Z tohoto diivodu byla propojka zateplena pomoci geotextilie a byla
dva dny vyhfivana. Podklad mél pred stiikanim 15 °C. Pro samotny
néstiik byl pouZzity stroj Meyco potenza.

Pro kontrolu vrstvy néstfiku bylo navrtano do krc¢kd osm lanek
o praméru 5 mm. Ty byly napnuty pomoci anglickych spojek. Pred
stiikdnim se provedlo prvotni méfeni odmérd ve stanoveném ras-
tru, tyto udaje byly zaznamenavany do odsouhlaseného protokolu.
Pro ochranu pfed stfikanym betonem byly zakryty kr¢ky u severni-
ho i jizniho tunelu. Déle byla na podlahu propojky nataZena plachta
na ukladéani spadu.

V pribéhu stiikani definitivniho osténi propojky (obr. 6) byly
nastiikany vzorky pro kontrolni zkousky. Stfikdni prvni vrstvy pro-
béhlo nadvakrat. Po prvnim nastiiku probé€hlo kontrolni méteni od-
mért pomoci ploSiny. Méfeni se zaroven provadélo pii kazdém po-
pojeti Meyca v mistech, kam se dosdhlo. Zaroven bylo provadéno
¢isténi spadu z bokt propojky. Po druhém nasttiku bylo provedeno
kontrolni méfeni odmért, aby bylo zajisténo, Ze vrstva definitivni-
ho osténi spliluje projektem stanovenou tloustku 10 cm.

Druha vrstva se provadéla druhy den. Stiikéni probéhlo také nad-
vakrat. Po prvnim nastfiku bylo provedeno méfeni odméri a kont-
rola povrchu betonu. Zarovei se béhem stiikani dostiikdvala mista,
kde byly vétsi nadvylomy, aby bylo docileno co nejlepsi rovinnosti
povrchu osténi.

Obr. 6 Realizace stitkaného drdtkobetonu
Fig. 6 Application of steel fibre reinforced shotcrete
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It was necessary to verify before concreting the lining whether
the calculation assumptions, first of all the tensile strength, were
met. Preconstruction tests of the designed mixture were conducted
for verification purposes.

The detailed formula was designed and the fibre reinforced
concrete was prepared in the TBG Plzen Transportbeton concrete
batching plant. The concrete samples were sprayed in the
environment formed by cross passage No. 6. The space of the cross
passage was used with the objective to use an environment for
conducting the tests most of all corresponding to the actual location
of the use. The once applied shotcrete specimens were left in the
cross passage. Specimens for the required tests were prepared after
28 days.

The results of the tests were assessed in line with the Richtlinie
Faserbeton directive. The flexural tensile strength values determined
by the tests correspond to the strength classes T4 and GS5.

The structural analysis required that the flexural tensile strengths
after cracking corresponded to classes T1/Gl. The strengths
determined by the tests highly exceed this requirement, so it was
possible to use the designed steel fibre reinforced concrete for the
final lining of cross passage No. 8.

5. REALISATION OF STEEL FIBRE REINFORCED
SHOTCRETE

After completion of the spray-applied waterproofing membrane
(see Fig. 5) and the subsequent technology break, the application
of shotcrete to the upper vault commenced in cross passage No.
8 at the lower temperatures existing in the tunnel (realisation at
the beginning of March). For that reason the cross passage was
thermally insulated with geotextile and was heated for two days.
The temperature of the substrate before spraying amounted to 15
degrees Celsius. Meyco Potenza spraying rig was used for the
shotcrete application.

Eight holes for Smm-diameter steel cables were drilled into
the necks for the purpose of checking on the spray-on layer. The
cables were tightened by means of turnbuckles. The initial gauging
of the contour was carried out at a designed grid, before spraying
of concrete. The measured data was recorded in an approved
protocol. The necks in the northern and southern tunnel tubes were
covered to be protected from shotcrete. A tarpaulin for depositing
the shotcrete rebound was in addition placed on the cross passage
bottom.

Shotcrete samples for check tests were prepared during the
application of shotcrete for the cross passage final lining (see Fig.
6). The first layer was sprayed in two steps. After the first step,
the check gauging of the contour was conducted using a hoisting
platform. Gauging was at the same time conducted at reachable
points after each shifting of the Meyco machine. At the same
time the rebound was cleared from the sides of the cross passage
bottom. Check gauging of the tunnel contour was conducted after
the application of the second shotcrete layer with the objective
to ensure that the final lining shotcrete layer fulfilled the design
requirement for the thickness of 10cm.

The second layer was carried out the next day. Shocrete was
also applied in two steps. Contour gauging and checking on the
concrete surface was carried out after the completion of the first
layer. At the same time shotcrete was added during the shotcrete
application to the places where there were larger overbreaks so that
the best flatness of the lining surface was achieved.

After the completion of the application of shotcrete, the rebound
was cleared from the cross passage bottom, the final gauging of the
cross passage contour was carried out and the lining was regularly
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Po ukonceni stiikdni se dno propojky vycistilo od spadu, pro-
vedlo se findlni méfeni odmért a osténi bylo nasledné pravidelné
zvlhéovano a samotnd propojka z divodu nizkych venkovnich tep-
lot byla vyhiivana.

Z prubéhu realizace stiikaného dratkobetonu pro definitivni
osténi bylo zjisténo nékolik doporuceni pro pouZzivani tohoto typu
osténi:

* Vzorky pro kontrolni zkousky je vhodné odebirat ze samostat-
ného autodomichavace, protoze dochézi k prodlevé stiikani
samotného osténi.

* Pfimo na stfikanou izolaci je zapotrebi nejdiive nastiikat men-
§i vrstvu betonu bez dratkd (prostého betonu), kterd umozni
snadnéjsi ,,uloZeni dratkt pri nastfiku vrstvy dritkobetonu
definitivniho osténi. Stfikani na izolaci bylo pfi prvnim stiiké-
ni neefektivni a byl velky spad dratkti a kameniva z betonu.

» NadelSi useky se pouzije stikaci stroj s pocitacovou kontrolou
profilu (napt. MEYCO Logica). Systém umoziiuje operatorim
trysky pomoci skenovani povrchu kontrolovat tloustku nastii-
kané vrstvy.

6. ZAVER

Razby Ejpovickych tuneli pomoci technologie TBM splnily
oCekavani a i presto, Ze horninova prostiedi pod vrchy Homol-
ka a Chlum vykazovala rizna prekvapeni, tak prvni pouZiti této
technologie v Ceské republice pfi budovéni Zelezni¢nich tuneld se
osvédcilo a v pripadé pfipravovanych dlouhych tuneli se s touto
technologii musi pocitat.

Definitivni osténi ze stitkaného betonu vyztuZeného rozptylenou
vyztuzi je na zahranicnich tunelovych stavbach stéle Castéji pou-
Zivané feSeni. Realizaci definitivniho osténi ze stfikaného betonu
propojky ¢. 8 tunelu Ejpovice se Ceska tunelarska komunita priblizi
k vyspélym tunelaiskym zemim, kde je tato moderni technologie
JjiZ roz§ifend a béZné pouZivana.

Autori véri, Ze uspésna realizace, byt rozsahem malého dila po-
otevie dvefe pro pouZiti této technologie i na dalich tunelovych
projektech.
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moisturised. The cross passage itself was heated with respect to
low ambient temperatures.

Several recommendations for using this type of lining followed
from the course of the use of steel fibre reinforced shotcrete for the
final lining:

* It is reasonable to collect specimens for checking tests from

a separate readymix truck because of the fact that a delay
originates in the process of spraying the shotcrete.

* Itis necessary first to apply a thinner layer of concrete without
steel fibres (unreinforced concrete) directly on the spray-
applied waterproofing membrane. It will allow for easier
“placement” of steel fibres when the final steel fibre reinforced
shotcrete lining layer is being applied. The application of
shotctete to the waterproofing membrane during the first
spraying step was ineffective and the rate of the rebound of the
steel fibres and aggregate from concrete was high.

* A spraying machine equipped with computer-controlled
checking on the profile is used for longer sections (e.g.
MEYCO Logica). The system allows the operators to check
the thickness of the applied shotcrete layer by means of
scanning of the surface.

6. CONCLUSION

The excavation of the Ejpovice tunnels using the TBM
technology met expectations, and even despite the fact that the rock
environments under Homolka and Chlum hills exhibited various
surprises, the first use of this technology in the Czech Republic for
construction of railway tunnels has proven itself and, in the case
of the long tunnels under preparation, it is necessary to take this
technology into account.

The final fibre reinforced shotcrete lining is an increasingly
frequently used solution at foreign tunnel construction projects.
By realising the final shotcrete lining of cross passage No. 8 of
the Ejpovice tunnel, the Czech tunnel construction community
will be brought closer to advanced tunnel construction countries,
where this modern technology has already been widely spread and
commonly used.

The authors believe that the successful realisation of the project,
even though small in terms of the scope, will slightly open the door for
the use of this technology even at other tunnel construction projects.
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TRATOVE TUNELY METRA A STANICE ESPOONLAHTI, FINSKO
UNDERGROUND RAILWAY TUNNELS AND STATION
OF ESPOONLAHTI, FINLAND

ALES GOTHARD, PAVEL HERMAN

ABSTRAKT

Prispévek obecné popisuje jeden z nejvétsich, v soucasnosti realizovanych, infrastrukturnich projektii v Evropé. Jednd se o prodlouZeni
stavajici trasy metra z Helsinek do sousedniho mésta Espoo ve Finsku. Detailni zaméreni prispévku se tykd jedné z jeho Cdsti, iseku ra-
Zené stanice Espoonlahti a k ni prisluSejici cdsti tratovych tunelii metra, které v obdobi 2016-2018 realizovala spolecnost Metrostav a.s.
ve spoluprdci se svym finskym partnerem, spolecnosti Destia Oy. Zaméfuje se na specifika provddeéni razeb v Zulovych hornindch v husté
rezidencni zdstavbé a z toho vyplyvajici nutnosti limitace ucinkit trhacich praci na okolni zdstavbu. Ddle Tesi problematiku provddent
predstihovych a ndslednych injektdznich pract, které byly projektem vyZadovdny ve velké mite. Obecné popisuje pouZitou metodu razby
Drill and Blast a k ni odpovidajici pouZitou strojni sestavu. Soucdsti prispévku je také vyjmenovdni nejzdsadnéjsich problémii zastiZenych
béhem provddeni praci s popisem jejich FeSeni.

ABSTRACT

The paper describes one of the largest infrastructural projects currently under construction in Europe. It is the extension of the existing
metro line from Helsinki to the neighbouring city of Espoo in Finland. The detailed focus of the paper relates to one of project’s lots, which
is the mined station of Espoonlahti and related metro tunnels, which was built by Metrostav a.s. in cooperation with its Finnish partner
Destia Oy during 2016-2018. It focuses on the specifics of excavation in granite rocks in a dense residential area and the consequent
necessity of limiting the effects of blasting works on the surrounding buildings. It also deals with the implementation of pre-grouting and
post-grouting works, which were required to a large extent by the design. In general, it describes the also used Drill and Blast tunnelling
method and the corresponding tunnelling machinery. Part of the contribution is also the list of the most essential problems encountered
during the work performance with the description of their solutions.

1. UvoD

Finsko a jeho ekonomika

Finsko je severska zemé sousedici na sousi s Ruskem, Svédskem
a Norskem. Na tzemi Finska s rozlohou pies 338 tisic km? Zije asi
5.4 milionu obyvatel, pfi¢emZ primérna hustota zalidnéni je nevel-
ki — 16,04 obyvatel/km> (v CR je to 133 obyvatel/km?). Finsko je
nazyvéano ,,zemi lest a tisict jezer”, kdy lesy pokryvaji asi 25 %
jeho tzemi a vodstvo dalSich zhruba 10 %. Vice nez 62 % obyvatel
Zije dnes ve méstech. V aglomeraci hlavniho mésta Helsinek Zije
okolo 1 milionu obyvatel.

Finska ekonomika se pod tlakem série doméacich a externich fak-
torti zatim nevratila na droven predkrizového roku 2008. Po tfech
letech recese se vSak hruby domdci produkt Finska v roce 2015
poprvé zvétsil (o 0,3 %) a v letech 2016 a 2017 pokracoval v dal-
Sim rustu (1,4, resp. 2,9 %). Finska ekonomika se musela vyrovnat
s nékolika prekazkami dalSiho hospodafského rustu, jako pokles
produktivity prace, nedostatek investic a sniZeni kupni sily. Také
finsky vyvoz klesl od poc¢atku mezinarodni finan¢ni krize zhruba
o pétinu. Hospodérstvim otfasla predevsim krize v papirenském
pramyslu a postupny upadek spolecnosti Nokia. Ten skoncil prode-
jem divize mobilnich telefontl. Negativné se na finském hospodat-
stvi projevila také recese v Rusku. Verejné finance vykazovaly az
do roku 2016 deficit a celkovy vladni dluh stéle narastd. S HDP na
obyvatele 34,5 tisice EUR ale i tak Finsko stale pfevySuje o 10 %
pramér EU.

Stavebni pramysl se v roce 2018 podilel na tvorbé HDP 5,5 %.
Ve stavebnictvi pracuje zhruba 60 tis. zaméstnancti. Ve Finsku pt-
sobi nékolik velkych mezindrodnich stavebnich firem, mezi které
patii Lemminkdinen, Skanska, YIT nebo SRV.

1. INTRODUCTION

Finland and its economy

Finland is a Nordic country adjoining in land with Russia, Sweden
and Norway. There are about 5.4 million inhabitants in the territory
of Finland with an area of more than 338 thousand km? with
a rather low average population density of 16.04 inhabitants / km?
(133 inhabitants / km? in the Czech Republic). Finland is called
a “land of forests and thousands lakes,” where forests cover about
25% of its territory, and water more than 10%. Over 62% of the
population lives today in cities. Around 1 million inhabitants live
in the agglomeration of the Helsinki capital.

The Finnish economy has not returned yet to the pre-crisis level
since 2008. After three years of recession, however, Gross Domestic
Product of Finland grew for the first time (by 0.3%) in 2015 and
continued to grow in 2016 and 2017 (1.4 and 2.9% respectively).
The Finnish economy has had to cope with several barriers to
further economic growth, such as a fall in labour productivity,
a lack of investment and a reduction in purchasing power. Also,
Finnish exports have fallen by about a fifth from the beginning of
the international financial crisis. The economy was particularly
shaken by the crisis in the pulp and paper industry and gradual
decline of Nokia company. This ended with the sale of the mobile
phone division. The recession in Russia also negatively affected
the Finnish economy. Public finance showed a deficit until 2016,
and the total government debt is on a rise. With a GDP per capita
of € 34.5 thousand, Finland still exceeds the EU average by 10%.

The construction industry contributed of 5.5% to GDP in 2018.
About 60 thousands employees work in the construction industry.
There are several large international construction companies in
Finland, such as Lemminkiinen, Skanska, YIT or SRV.
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Obr. 1 Trasa projektu Léinsimetro
Fig. 1 Lansimetro project line

2. UCEL A SPECIFIKA PROJEKTU

Finsko je i pres svij relativné plochy reliéf zemi protkanou mno-
ha tunelovymi stavbami. Vodni tunel Piijanne je dokonce druhym
nejdelSim tunelem na svété s délkou presahujici 120 km. Pitnou
vodou, ze stejnojmenného jezera, zasobuje celou aglomeraci Hel-
sinek. Jeho vystavba probihala v letech 1972-1982. Dal§im vy-
znamnym projektem stojicim za zminku je v roce 2015 dokoncena
Kehirata, jednd se o tunelovy Zelezni¢ni obchvat Helsinek s cel-
kovou délkou pres 18 km. Dokonceni projektu se zdrzelo o témét
tfi roky vzhledem k nutnosti pfeprojektovat Cast trasy vedouci pod

Obr. 2 Rezidencni ¢tvrt Espoonlahti
Fig. 2 Urban area of Espoonlahti

2. PURPOSE AND SPECIFICS OF THE PROJECT

Finland is despite its relatively flat relief a land with many
tunnel structures. The Piijinne water tunnel is even the second
longest tunnel in the world with a length of more than 120km.
Drinking water from a lake of the same name supplies the whole
agglomeration of Helsinki area. Construction period lasted
from 1972 to 1982. Another major project worth mentioning is
a Kehirata project completed in 2015. It is a railway tunnel bypass
around Helsinki with a total length over 18km. Completion of
the project was delayed for almost three years due to the need




mezinarodnim letistém. V mistech pod letistni plochou bylo za-
stizeno mnozstvi kyseliny produkované bakteriemi rozkladajicimi
propylenglykol, zédklad odmrazovacich prostfedkil. Ty se aplikuji
jako odmrazovace na letadla v zimni obdobi.

Linsimetro (v prekladu: ,,zdpadni metro®) je projekt prodlou-
Zeni jediné stavajici trasy helsinského metra do sousedniho mésta
Espoo (obr. 1). Espoo je druhé nejlidnatéjsi mésto ve Finsku a jeho
stavajici dopravni spojeni s Helsinkami autobusovou dopravou je
kapacitné nedostacuji a lidé cestujici mezi Helsinkami a Espoo Celi
kazdodennim dopravnim zacpam. RozSifovani hlavnich komuni-
kaci vedlo pouze k posunuti dopravnich zacp bliZe k centru Helsi-
nek (tzv. Down-Thomsonuv paradox). V prvni fazi novy tsek linky
navazal na ptivodni konec¢nou stanici Ruoholahti a vede smérem
na zéapad pres ostrov Lauttasaari, ddle k univerzit¢ Aalto, az do re-
ziden¢ni Ctvrti Matinkyléd. Celd trasa prvni fize Lénsimetra vede
v podzemi v délce 13,5 km. Béhem realizace prvni faze bylo roz-
hodnuto o navazujicim pokracovani vystavby druhou fazi projektu.
Diky tomu, Ze projekt nebude prerusen, bylo podle studii usetfeno
zhruba 130 mil. EUR. Také druha faze povede pouze v podzemi
a prida dalSich 7 km linky metra. Celkové bude zbudovano 13 no-
vych stanic a 23 vertikalnich Sachet slouZicich k vyrovnavani tlaku
mezi trafovymi tunely a jako nouzové vychody. Stavebni prace na
prvni fazi projektu byly zahdjeny v roce 2009. Prvni etapa v celé
délce byla uvedena do provozu na podzim 2017. V té dobé uz
nicméné probihaly razby na druhé fazi projektu s predpokladem
uvedeni do provozu nejdiive v roce 2020. Celkové ndklady jsou
zkalkulovany na 1,9 mld. EUR a financovani je zajiSténo z Casti
primo ze statniho rozpoctu (30 %) a déle z rozpocti mést Helsinky
a Espoo.

Metrostav a.s. se ve sdruzeni s finskou spolecnosti Destia Oy
podilel uz na vystavbé dvou dil¢ich ¢asti prvni faze projektu v le-
tech 2010-2013 (blizsi informace v predchozich cislech 3/2011
a 1/2013). Prvni zakédzkou byla razba tfi pristupovych tunelt v cel-
kové délce 1,2 km. Dalsi zakdzkou byla razba 1,5 km dlouhého
useku dvou jednokolejnych tratovych tuneld metra, vedouci z ¢asti
pod mofem a z ¢asti pod komplexem byvalého finského vyrobce
mobilnich telefont Nokia.

V druhé fazi projektu uspél Metrostav a.s. ve vybérovém fizeni
na razby jednoho useku tratovych tunell a stanice metra Espoon-
lahti. Tato zakazka byla realizovana ve sdruZeni se stejnym partne-
rem, finskou spolecnosti Destia Oy. Smlouvu na tuto zakazku po-
depsali zastupci klienta a zhotovitele v dubnu 2016 a vlastni prace
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for redesigning a part of the route under the international airport.
Below the international airport a significant amount of an acid
was found which was produced by a bacteria degrading propylene
glycol, the basic compound of “de-icing agent”. It is applied as an
aircraft antifreeze in winter seasons.

Linsimetro (in translation: “Western Metro”) is a project to
extend the only existing Helsinki subway line to the neighbouring
city of Espoo (see Fig. 1). Espoo is the second most populated city
in Finland, and its existing transport links with Helsinki by buses
are insufficient and people commuting between Helsinki and Espoo
face traffic jams daily. The expansion of the main roads has only led
to shifting the traffic jams closer to the Helsinki centre (the so-called
Down-Thomson paradox). In the first phase, the new part of the
line continues from the former terminus station called Ruoholahti
and leads westward across the island of Lauttasaari, further to Aalto
University terminating in the Matinkyld residential area. The first
phase of the Linsimetro project consists of 13.5km of tunnels.
During the construction period of the first phase, it was decided to
continue with the second phase of the project. Based on a research,
around 130 millions EUR were saved by carrying out the second
phase of the project without interruption. Another 7km will be
added in the second phase which, as well as the first phase, consists
only of underground structures. Altogether, 13 new stations and 23
vertical shafts will be built to serve as pressure equalisation between
tunnel tubes and as emergency exits. The construction works for the
first phase of the project started in 2009. The first phase of the whole
project was opened in autumn 2017. Meanwhile excavations were
carried out at the second stage of the project, with the assumption
of opening not earlier than in 2020. The total costs are calculated to
1.9 billion EUR and funding is provided partly from the state budget
(30%) and from the Helsinki and Espoo budgets.

Metrostav a.s. in association with the Finnish company Destia
Oy, was already involved in the construction of two sub-parts of the
first phase of the project in 2010-2013 (for more information read
a paper published in issues 3/2011 and 1/2013). The first contract
was for excavation of three access tunnels with a total length of
1.2km. Another project was for excavation of two railways tunnels,
each 1.5km long, being partly under the sea and partly below the
former mobile phone manufacturer headquarters of Nokia.

In the second phase of the project, Metrostav a.s. succeeded
in a tender for an excavation of one section of railway tunnels
and metro station Espoonlahti. This contract was carried out in

¢ervené — polygony znacici poruchové zony
red — traverses indicating weakness zones

zelené — nesystematické injektaze (provadéné na zékladé vysledku Lugeon testu)
green - non-systematic grouting (based on Lugeon test)

fialové — systematické injektaze

violet — systemgrouting

Obr. 3 InjektdZe a poruchové zony v trase projektu
Fig. 3 Layout of grouting and break zones over the project
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Obr. 4 Nejleh(i a nejteZsi technologickd tiida vyrubu v profilu tratového tunelu
Fig. 4 Reinforcement design for good and poor geological conditions

byly zahdjeny o mésic pozdéji. Dokoncené dilo bylo investorovi
predano s cca 10mésicnim zpozdénim, na zacatku listopadu 2018.
Hlavnim divodem tohoto zpozdéni byly horsi geologické pod-
minky, nez bylo projektem pfedpokladano. ZastiZzené geologické
poméry zpomalovaly postupy razeb nutnosti okamzitého zajisténi
vyrubu v mnoha tsecich a potfebé vytésnéni pronikajici vody pred-
stthovymi injektdZemi. Dal§im divodem zpoZdéni byla kompliko-
vana jednani investora se zastupci tfetich stran, prevazné s majite-
lem obchodniho centra, pod jehoZ zaklady byla raZzena nova stanice
metra. Na podzim roku 2017 investor na zdkladé domluvy s timto
majitelem rozhodl o vyznamné zméné projektu. Stanice se na z4-
kladé této zmény neméla realizovat jako razena, ale jako hloubena
s predpokladem, Ze se obchodni centrum nad ni zboura a nasled-
né¢ vybuduje zcela nové s vyuZitim prostoru mezi vlastni stanici
a obchodnim centrem pro budouci parkovaci a obchodni prostory.
Pred koncem roku ovSem na zakladé dalSich jednani se zastupci
majitele obchodniho centra bylo toto rozhodnuti vzato zpét. V tu
chvili ale uz byly razby na vlastni stanici zpoZdény o necelé Cty-
i mésice a tuto Casovou ztratu uz se béhem projektu nepodafrilo
dohnat.

Déleni praci mezi partnery ve sdruZeni bylo velmi podobné jako
pfi realizaci predchozich dvou zakazek. Metrostav a.s. zajiStoval
horizontalni razby tunelii v€etné jejich vyztuZeni svorniky stfika-
nym betonem a konsolidovéani skalniho masivu injektdZemi. Destia
Oy zabezpecila zbudovani zafizeni stavenisté, odvozy rubaniny
a razbu vstupt do stanice a vétracich Sachet.

Méstskd ¢ast Espoonlahti je rezidencni oblasti s 16 tis. obyvateli
a veSkerou obCanskou vybavenosti (obr. 2). Razby budou provadé-
ny pod nebo velmi blizko nékolika $kol, zdravotnickych zafizeni
a sportovnich stfedisek. Z predem zpracované rizikové analyzy
bylo zfejmé, Ze razby budou ovlivnény maximalnimi pfipustnymi
limity seismického zatiZeni vlivem trhacich praci na okolni zéstav-
bu. Vibrace z trhacich praci jsou skalnim podloZim piendseny do

association with the same partner, the Finnish company Destia
Oy. The contract for this project was signed by representatives
of the client and the contractor in April 2016 and the works were
commenced one month later. At the beginning of November 2018
the completed work was handed over to the client with about 10
months delay. The main reason for this delay was worse geological
conditions than assumed in design documentation. Concerned
geological conditions have slowed down the excavation works due
to the need for immediate reinforcing the excavated tunnel in many
places and the need for displacing water inflows by pre-injection
grouting. Another reason for the delay was the complicated
negotiations between the client and representatives of third parties,
mostly the owner of a shopping centre under which the new metro
station was excavated. Based on an agreement with the owner the
client decided to make a significant change to the design in the
Autumn of 2017. As a result of this change, the station was not
to be excavated from underground but built as an open pit area
from the surface with the premise that the business centre would
be destroyed and then built completely new one, using the space
between the station and the business centre for future parking
and business premises. Before the end of the year, however, on
the basis of further negotiations with the representatives of the
business centre owner, this decision was taken back. At that time
the excavations of the station were delayed for four months, and
this time loss was not made up until the end of the project.

The division of works between joint venture partners was
very similar to that of the previous two contracts. Metrostav a.s.
ensured horizontal tunnel excavation, including bolting, sprayed
concrete, and consolidation of the rock mass by grouting. Destia
Oy has secured the construction of site facilities, rock removal and
excavation of station entrances and ventilation shafts.

The urban area of Espoonlahti is a residential area of 16,000
inhabitants and all amenities (see Fig. 2). The excavation took place




zaklada a dalSich konstrukci budov. Nejvétsi komplikace nastaly
pfi razbach stanice, kterd se nachdzi pfimo pod ndkupnim cent-
rem Lippulaiva a nedaleko stojiciho kostela s ¢astecné prosklenou
stfechou. Zkracovani délky zabéru a minimalizace mezni niloZe
bylo nutné také v tseku razeb, kde tunel podchazi staj s dostihovy-
mi konimi. Kazdy odpal se musel ohlaSovat prostfednictvim SMS
na fadu telefonnich Cisel, aby se dotceni stacili pripravit na odpal
a minimalizovalo se tak riziko vzniku $kod.

Vybérové fizeni na dodavatele bylo vypsano podle finskych
standardd YSE1998 (finskd obdoba Cervené knihy FIDIC) jako
dvoukolové. Prvni kolo probéhlo formou prekvalifikace jednotli-
vych uchazeci. Jedinym kritériem druhého kola vybérového fizeni
se stala nejniz$i nabidnutd cena. Smluvnim jazykem projektu byla
finstina, ve které také byla veskera projektova dokumentace a v niz
probihaly kontrolni dny investora.

Stavebni dozor zajiStovali pfimo zastupci spolecnosti Linsimet-
ro Oy. Zadéavaci dokumentaci zpracovali projektanti ze spole¢nosti
Kalliosuunnittelu Oy a Rockplan Ltd. Realiza¢ni dokumentaci za-
jistila spole¢nost Saanio & Riekkola Oy.

Termin pro predani dila dal§imu dodavateli, jehoZ tkolem je
provedeni betonarskych praci v technologickych komorich a sta-
nici a pokladka Zelezobetonovych prefabrikéti v tratovych tune-
lech metra, byl po vynuceném prodlouZeni posunut z 2/2018 na
12/2018.

3. GEOLOGICKE POMERY FINSKA A PROJEKTU

Finsko je soucasti Baltského stitu, ktery byl dfive nazyvan Fen-
noskandie. Na zapad¢ je prekryt Skandindvskym pohotim, vyzved-
nutym pii kaledonském vrasnéni, které probihalo v nékolika fazich
ve star§ich prvohordch. Na tzemi Finska jsou vétSinou hlubinné
vyvreliny (Zuly) a metamorfované horniny (ruly, svory). Ve Ctyfech
oblastech jizniho Finska se vyskytuje odrtida Zuly zvana rapakivi
(Cervenohnédé zbarveni, s velkymi elipsovitymi vyrostlicemi Ziv-
ce). Nejrozsdhlejsim geomorfologickym celkem zemé je Finska
jezerni plosina (Jarvi Suomi). Zaujima asi tfetinu rozlohy Finska
na sever od Lahti. V jiznim Finsku se jezerni ploSina sklada ze
tfi volné spojenych panvi v nadmorské vysce 76—78 m, které jsou
vyplnény nékolika jezery.

Razby byly vedeny prevazné zZulovou skalni bazi s lokdlnim vy-
skytem rul. Na trase se nachdzelo mnoZstvi poruchovych zén, na
obr. 3 vyznacenych Cervenymi polygony, které si vyZadaly nutnost
okamzitého zabezpeceni vyrubu stfikanym betonem a v nékterych
pripadech také zkraceni délky zabéru. V predstihu byly provadé-
ny tésnici injektdZe, ty jsou na ilustraci vyznaceny jako jednotli-
vé injektazni deStniky, kde fialové jsou systematicky provadéné
a zelené nesystematicky, na zédkladé vodnich tlakovych zkousek.
V predstihu byl proveden seismicky geofyzikalni priizkum podloZzi
a mnozstvi prizkumnych jadrovych vrtd, na jejichZ zakladé pro-
jektant navrhl zpisob vyztuZeni vyrubu v celé trase tunelu. Redlné
vyztuzeni se vSak znacné lisilo oproti pivodnim predpokladim.
Skutecné zastiZena geologie byla totiZ vyznamné horsi nez ptivod-
né predpokladana projektem.

4. VYSTAVBA TUNELU

4.1 Zakladni parametry projektu

Trafovy tdsek LU24 Espoonlahti je v poradi dvanictym dsekem
prodlouZeni linky metra smérem z Helsinek do Espoo. Po svém
dokonceni propoji tfi sousedni nové budované tseky Soukka, Ki-
venlahti a ze severu navazujici dsek Sammalvuori. Posledni jme-
novany usek je projektovany jako podzemni depo metra. Metro-
stavem a.s. budovany usek Espoonlahti se sestiva z razeb 2684 m
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under or very close to several schools, health facilities and sports
centres. From the risk analysis, it was obvious that mining works
would be affected by the maximum permissible limits of seismic
load due to blasting work on the surrounding buildings. Vibrations
from blasting work are transferred to the foundation and other
building structures through the bedrock. The biggest complications
occurred during the excavation of the station, which is located
directly under the Lippulaiva Shopping Centre and a church with
a partially glazed roof located nearby. Reducing the length of the
rounds and minimizing the limit load was also necessary in the
excavation section, where the tunnel passes under the horse stables
with racing horses. Each blast had to be reported by SMS to many
telephone numbers so that they could get ready for the blast and
minimize the risk of damages.

The tender for the contractor was released according to the
Finnish standards of the YSE1998 (Finnish equivalent of the
FIDIC Red Book) as a two-round process. The first round took
place in the form of prequalification of individual applicants. The
only criterion for the second round of the tender was the lowest
bid. The contracting language of the project was Finnish in which
all the project documentation was presented as well as the client’s
inspection days, which were held in Finnish.

Construction supervision was provided directly by represen-
tatives of Linsimetro Oy. The design documentation was prepared
by designers from Kalliosuunnittelu Oy and Rockplan Ltd.
The implementation documentation was provided by Saanio &
Riekkola Oy.

The deadline for submitting the work to another contractor to
carry out concrete works in the technology chambers and station
and laying of reinforced pre-cast concrete segments in railway
metro tunnels was postponed after forced extensions from 2/2018
to 12/2018.

3. GEOLOGICAL SITUATION OF FINLAND
AND OF THE PROJECT

Finland is part of the Baltic Shield which was formerly known as
Fennoskandian Shield. To the west, itis covered by the Scandinavian
Mountains, uplifted by the Caledonian orogeny, which took place in
several phases later in the Palacozoic era. On the territory of Finland
there are mostly intrusive igneous rocks (granite) and metamorphic
rocks (gneiss and mica-schist). There is a variety of granite called
rapakivi (reddish-brown, with large feldspar phenocrysts) in four
regions of Southern Finland. The largest geomorphological unit of
the country is the Finnish Lake Plateau (Jarvi Suomi). It occupies
about one third of the area of Finland north of Lahti. In southern
Finland, the lake plateau consists of three sedimentary basins at an
altitude of 76—78m, which are filled with several lakes.

The excavations were predominantly done in granite rocks with
a local occurrence of gneiss. In the direction of excavation there
were numerous fault zones, depicted as red polygons in a picture
that required the need for immediate securing the excavation with
shotcrete and, in some cases, shortening the length of the excavation
advance round (see Fig. 3). Pre-grouting was carried out; the pre-
grouting boreholes are depicted in the picture as individual canopy
tube pre-supports. The violet- marked ones are those carried out
systematically, the green-marked ones are unsystematic, based on
the absorption capacity tests. Seismic geophysical survey of the
bedrock and a number of exploratory core boreholes were carried
out in advance and the project engineer proposed a method of
reinforcing the excavation throughout the tunnel route based on the
results obtained. However, real reinforcement differed significantly
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Obr. 5 Zobrazeni krivky vibraci odpalu torovacim sy
Fig. 5 Vibration chart from the monitoring system

jednokolejnych tratovych tunelii, 80 m propojovacich tuneld a téméer
300 m dlouhé jednolodni stanice. Soucasti projektu byla také razba
dvou rozrazek a technologickych komor pro vétraci Sachty a roz-
plety vedouci k sousednimu tiseku Sammalvuori. Zatimco tratové
tunely byly raZeny v relativné malém pfi¢ném fezu 36,2 m?, stanice
a technologické komory dosahovaly v pfi¢ném fezu az 370,4 m>.
Celkovy objem vytéZené rubaniny z horizontalnich razeb byl podle
projektu 203 545 m*. NadloZi se pohybovalo v rozmezich 7-30 m.
Razby byly provadény tunelovaci metodou Drill&Blast, kterd je
mimoradné vhodna do skandinavskych geologickych podminek.
Razby byly provadény z 300 m dlouhého pfistupového tunelu tsti-
ciho do servisniho tunelu paralelniho s komorou stanice. Pfistupo-
vy i servisni tunel byly realizovany v predstihu jinym dodavatelem.
K zahdjeni vlastnich razeb doslo na konci kvétna 2016 a postupné
bylo otevieno 6-8 Celeb (Ctyfi do tratovych tunell a dalsi dvé az
Ctyfi do komory stanice). Ze stanice byly razby v obou smérech
vedeny upadné s klesanim od 1-3 %.
4.2 Metoda razby a vyztuzeni vyrubu

Primarni zajiSténi vyrubu bylo realizovano riiznymi typy svorni-
kové vyztuZe a stitkaného betonu (obr. 4). Dodate¢né svornikovani
a dalsi vrstvy stiikaného betonu pak slouZi jako definitivni vyztu-
Zeni tunelu. Svorniky s mechanicky rozpinanou hlavou byly uvaZo-
vany jako docasné v délkach 3—6 m. Jejich pouzivani bylo zavislé
na kvalit¢ horninového masivu za tcelem okamzitého zabezpece-
ni vyrubu v piipadé hrozby uvolnéni skalniho bloku ohrozujici-
ho bezpecnost pracovisté. Trvalé svorniky byly projektovany jako
pruty z hiebinkové oceli @ 25-36 mm, které byly osazovany sys-
tematicky v rastru podle pozadavki stavebniho dozoru. VSechny
trvalé svorniky byly osazeny distan¢nimi centratory, které zaruci
minimalni poZadovanou tlouStku kryti cementovou zélivkou. Oba
typy svornikové vyztuze byly vzhledem k pozadované Zivotnosti
100 let povrchové osetfeny vrstvou Zarového pozinkovani v tloust-
ce 105 pm a vrstvou epoxidového natéru v tloustce 300 pm.

Podobné jako svorniky se i stfikané betony déli z hlediska casu
jejich aplikace na bezpecnostni a trvalé. Bezpecnostni néstiik be-
tonu na vyrub tunelu byl provadén pii zhorSenych geologickych
podminkach. Vzhledem ke Spatné kvalité¢ horninového masivu
byl bezpecnostni nastfik ve findle aplikovan na téméf 90 % raZeb.
V dobrych geologickych podminkach nebylo nutné obnaZeny vy-
rub ihned zastiikat a prace na razbach mohly pokracovat. Defini-
tivni osténi, které bylo tvoreno dalSimi vrstvami stfikaného betonu
(v tloustkdch od 70-150 mm), mohlo byt provadéno v minimalni
vzdalenosti 80 m od Celby tunelu, resp. od nejblizsiho mista v pod-
zemi, kde byly provadény trhaci prace. Minimalizovala se tim moz-
nost poskozeni trvalé vrstvy betonu u¢inkem vibraci trhacich praci.

from the original assumptions. The actually encountered geology
was significantly worse than initially expected by the design.

4. THE TUNNEL CONSTRUCTION

4.1 Basic project parameters

The LU24 Espoonlahti is in line the 12" lot of the metro line
extension from Helsinki to Espoo. Upon completion, it will
connect three neighbouring newly built sections of Soukka,
Kivenlahti and the Sammalvuori section from the north. The latter
section is designed as an underground metro depot. Espoonlahti lot
built by Metrostav a.s. consists of excavation of 2,684m of single-
track railway tunnels, 80m of interconnection tunnels and a nearly
300m long one-vault station. The project also contained excavation
of two side stubs and technologyl chambers for ventilation shafts
and track bifurcations leading to the neighbouring section of
Sammalvuori. While railway tunnels were excavated in a relatively
small cross section of 36.2m?, the excavated cross-sectional area
of the station and technology chambers amounted up to 370,4m?.
The total volume of excavated rock from horizontal excavations
was 203,545m? based on the design. The overburden height ranged
from 7 to 30m. The excavation works were carried out using the
Drill & Blast tunnelling method, which is particularly suitable
for Scandinavian geological conditions. The excavations were
carried out from a 300 m long access tunnel leading into a service
tunnel which was parallel to the station chamber. The access and
service tunnels were excavated in advance by another contractor.
Initial excavation work began at the end of May 2016, and later
6-8 headings were opened (4 in railway tunnels and another 2—4
in the station chamber). From the station, the excavations in both
directions were steadily declining from 1 to 3%.
4.2 Excavation method and reinforcement

The primary lining was realized by various types of bolt
reinforcement and shotcrete (see Fig. 4). Additional bolting and
other layers of sprayed concrete serve as the final support of the
tunnel. Bolts with mechanically expanded heads were considered
as a temporary support in lengths of 3 to 6m. Their use depended
on the quality of the rock mass in order to immediately secure
the excavated area in case of a threat of loosening of rock block,
which could endanger the safety of the workplace. Permanent bolts
were designed as @25-36mm deformed steel rods, which were
installed systematically at the grid according to the requirements of
the construction supervision. All permanent bolts were fitted with
spacers to ensure that the minimum required thickness of cement
mortar is met. Both types of bolt reinforcement were coated with a
105um thick hot dip galvanised layer of and a 300um thick layer of
epoxy coating to meet the requirement for 100 years of working life.

Similarly to bolts, sprayed concrete is also divided in terms of
time for application to the safety-purpose and final reinforcement.
The safety shotcrete in the tunnel was done where poor geological
conditions prevail. The safety-purpose shotcrete was finally
applied to almost 90% of the excavation. In good geological
conditions, it was not necessary to support the rock mass with the
shotcrete immediately and the work on excavation could continue.
The final lining, which consists of sever layers of sprayed concrete
(in thicknesses from 70 to 120mm), could be made at a minimum
distance of 80m from the face of the tunnel, respectively from
the nearest location where blasting works were carried out. This
minimised the possibility of damaging the permanent concrete
layer by the vibration caused by the blasting works. The maximum
permissible thickness of one layer of the final lining was 40mm
and each additional layer could only be applied when the previous



Maximalni povolena tloustka jedné vrstvy definitivniho osténi byla
40 mm a kazd4 dalsi vrstva sméla byt aplikovana az poté, co pod-
kladni vrstva dosahla pevnosti alespori 5 MPa. AZ na vyjimky byl
veskery beton stiikdn s rozptylenou vyztuZi z polypropylenovych
vlaken (s davkovanim 7 kg/m?). Kvalitativni pozadavek na vysled-
ny beton je stanoven pro tfidu C35/45 XC3, XA2, XF1. Davkova-
ni polypropylenovych vlaken je ddno mimo jiné pozadavkem na
energetickou pohltivost E > 1000 J. Pfedepsané zkousky byly opa-
kovany po kazdych 100 m? aplikovaného betonu a findlni tloustka
vrstvy byla kontrolovdna odvrtanim jednoho otvoru na kazdych
100 m? plochy vyrubu.

4.3 Trhaci prace

K rozpojovéani horniny se pouzivaly témér vyhradné zacerpavané
emulzni trhaviny. Klasické ndloZkové trhaviny byly pouZity pouze
v pripadech vyZadovanych pfimo projektovou dokumentaci, na-
priklad pfi poZadavku na zvySenou presnost raZzeb vzhledem k bu-
doucim betonovym konstrukcim. Veskeré trhaviny byly dodavané
firmou Orica s neelektrickym roznétem. Béhem razeb pod jednou
z budov se sniZzenym limitem maximalnich vibraci byl tspé$né
otestovan také elektronicky roznét. Nebylo k nému ale nakonec
pfistoupeno, a to kvili velké ekonomické zatézi, kterd z pouZiti
elektronického roznétu vyplyva.

P1i razbach bylo pouZito zhruba 550 tis. kg trhavin. UvaZova-
na délka béZného zabéru byla 5 m a vytéZnost ve finskych zulach
dosahovala cca 95 %. Z pohledu minimalizace nepfiznivych tGcin-
ku trhacich praci na okolni zastavbu byla velmi dileZita presnost
odvrtani produk¢nich vrti, konstrukce vlastni ndloZe a predevsim
bezchybné nacasovani kazdého vrtu. Vrtné schéma profilu tratové-
ho tunelu sestavalo z vice nez 100 produkénich vrtd, z nichZ kazdy
musel byt nacasovén tak, aby jeho nalozka explodovala samostat-
né. Dalo se tak zabranit prekroceni limiti pro seismické tGcinky
trhacich praci, které jsou online monitorovany a ihned po odpalu
odesilany objednateli i dodavateli stavby. Pfi prekroceni limitl hro-
zily dodavateli mimo ndhrady za poSkozeni majetku tfetich stran
také vysoké pokuty od objednatele stavby. Trhaci prace bylo moz-
né provadét ve vSedni dny od 7:00-22:00 a v sobotu od 9:00-18:00
(obr. 5).

4.4 Injektaze

DuleZitou soucasti razeb bylo také provadéni konsolida¢nich
a vodu vytésnujicich injektazi predpoli celby. Na zakladé geolo-
gického priizkumu byla projektantem urcena mista, kde se injekto-
valo systematicky bez ohledu na vysledky vodni tlakové zkousky
(Lugeon test). Injektazni destniky se provadély v délkach 15-24 m
vzdy minimalné ve dvou fazich. Vrty byly injektovany mikroce-
mentovou suspenzi az do kone¢ného tlaku 40 bar. V nékterych
asecich zvysil projektant konecny tlak na 60 bar. Po Sestihodino-
vé technologické prestdvce se mezi jiz zrealizované vrty proved-
ly stejné dlouhé zbylé vrty a nasledovala druha faze injektdzZe. Po
jejim dokonceni se na dvou kontrolnich vyvrtech provedla vodni
tlakova zkouska. Pokud se splnilo kritérium, bylo mozné pokraco-
vat v razbé. V opacném pfipadé bylo nutné provést dalsi fazi injek-
taZe. Na useku LU24 — Espoonlahti bylo zainjektovéno 2,2 mil. kg
mikrocementu, pri¢emz zadavaci dokumentace predpokladala cca
1,3 mil. kg. V mistech, kde presto nebylo dosazeno predstihovou
injektazi tfidy tésnosti AA (tj. max. 2 1/100 m/min) byly provedeny
dopliikové injektdZe cementové nebo s pouzitim polyuretanovych
pryskyfic. Na konci projektu bylo zainjektovano vice nez 42 t PUR.

Pro potieby injektaZzi a kontrolnich vrtd bylo déle odvrtano celkem
124 000 m vrtd a na injektaZich bylo straveno vice nez 3700 hodin.
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layer had reached a strength of at least SMPa. Apart from few
places, all concrete was sprayed with a diffused reinforcement of
polypropylene fibers (dosage of 7kg/m?). A qualitative requirement
for the concrete is determined for C35/45 XC3, XA2, XFI.
Amongst other things, the dosage of polypropylene fibers is
determined by the energy absorption £ > 1000J. The prescribed
tests were repeated for every 100m? of applied shotcrete and the
final thickness of the layer was controlled by drilling one hole per
100m? of the excavated surface.

4.3 Blasting works

For blasting works liquid emulsion explosives were used most of
the time. Classic solid explosives were only used in cases required
directly by design documentation. For example, where demanding
for excavation accuracy increased with respect to future concrete
structures. All explosives were supplied by Orica with non-
electric ignition. During excavation under one of the buildings
with a reduced maximum vibration limit, electronic ignition has
been successfully tested. However, it was not brought to the end,
because of the great economic impact that arises from the use of
electronic ignition.

Approximately 550 thousands of kilograms of explosives were
used during the excavation. The intended length of the standard
round was 5m and the yield in Finnish granites was about 95%.
From the point of view of minimising the adverse effects of
blasting works on the surrounding area, the accuracy of drilling
of production boreholes, the design of the charge and mainly the
correct timing of each blast in a borehole was very important. The
drilling pattern for the railway tunnel profile consisted of more
than 100 production boreholes, each charge of which had to be
timed to expplode separately. Therefore it was possible to avoid
exceeding the limitations for the seismic effects of blasting works
which are online monitored and sent to the client as well as to the
contractor after immediately each blast. If the limits were exceeded
the contractor would be subjected to high fines by the client in
addition to the compensation for damage to third party property.
Blasting work could be done on weekdays from 7:00 to 22:00 and
on Saturdays from 9:00 to 18:00 (see Fig. 5).

4.4 Grouting

An important part of the excavation was also the injection of the
consolidation and water displacement grout ahead of the face. Based
on the geological survey, the designer identified locations where it
was mandatory to grout systematically regardless of the results of
the mass permeability test (Lugeon test). Grouting umbrellas were
carried out in lengths from 15 to 24m in at least two phases. The
boreholes were grouted with a micro cement suspension until a final
pressure limit of 40bar was reached. In some sections the designer
increased the final pressure to 60 bar. After a six hour break, the
remaining boreholes were drilled in the same length and the second
phase of grouting followed. After completion of grouting, two
boreholes were drilled and the permeability test was performed. If
it fulfilled the criterion, it was possible to continue the excavation.
Otherwise, an additional grouting phase was necessary. In the
LU24 — Espoonlahti section, 2.2 million kilograms of micro-fine
cement were injected, whereas the tender documentation assumed
1.3 million. In places where the pre-grouting was unable to reach
the AA class (i.e. max. 2L/100m/min) additional grouting with
cementitious mixture or polyurethane resins was performed. At the
end of the project more than 42 tonnes of polyurethane resins was
consumed. A total of 124 000 m boreholes were drilled for grouting
and exploratory purposes and more than 3700 grouting hours were
spent on grouting.
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4.5 Strojni sestava

Zékladem strojni sestavy byly vrtaci vozy firmy Sandvik
DT1130 Data, DT1130i a D920i. DT1130 Data a DT1130i byly
osazeny tfemi 18-20" lafetami, mensi D920i byl osazen dvéma 18"
lafetami. Pomoci téchto stroji bylo mozné provést jednotlivy zabér
v délce aZ 5,6 m. Dal§im strojem byl kolovy bagr Liebherr A316
s instalovanym rotatorem Engcon a pracovnimi ndstroji na zaciSté-
ni vyrubu. Vzhledem k razbam pod zastavénou oblasti nebylo moz-
né pro zacisténi pouZit jinak velmi vhodny impaktor. Vzhledem
k nemozZnosti skladkovani vytéZeného materidlu v blizkosti portalu
tunelu byl odvoz rubaniny planovan pomoci kolového nakladace
a nakladnich automobild pouzitelnych na vefejné komunikaci. Stfi-
kany beton byl aplikovan pomoci manipulétoru stfikaného betonu
Meyco Potenza. V pozd¢jsi fazi projektu byly nasazeny dva kusy
téchto strojii. Vétrani dila bylo zajisténo jako foukaci ventildtorem
Cogemacoustic o vykonu 2x355 kW a lutnovym tahem o praméru
1600, resp. 1200 mm. Zacerpavani emulzi trhaviny bylo zaji§t€no
vyrobcem trhavin doddvanou nabijeci jednotkou mini SSE osaze-
nou na tunelovou ploSinu firmy Normet s dvéma pracovnimi kosi.
Injektazni prace na bazi cementu byly provadény s pouZzitim in-
jektazni jednotky Atlas Copco Unigrout MAX 244C na podvozku
nakladniho automobilu se ¢tyfmi samostatnymi linkami, pficemz
jedna z nich byla vZdy uvaZovéna jako rezervni. Injektazni prace
s PUR byly provadény s cerpadlem GX 45 dodanym spolecnosti
Minova Bohemia s.r.o.

4.6 Osadky a turnusovani

Na projektu pracovalo v priméru 40 stalych zaméstnanct spo-
le¢nosti Metrostav a.s. z Ceské republiky a Slovenska. Dalsich

Tab. 1 Faktografické vidaje

4.5 Machines

The main part of the machinery set was formed by drilling rigs
Sandvik DT1130 Data, DT1130i and D920i. The DT1130 Data
and the DT1130i were fitted with three 18-20" booms, the smaller
D9201 was fitted with two 18" booms. With these machines, it was
possible to make a single round up to 5.6m long. Another machine
was a wheeled excavator Liebherr A316 with an Engcon rotator
installed and tools for the rock scaling. Because of the excavations
were performed under the populated area, it was not possible to use
a more suitable impactor for the scaling. Due to the impossibility
of dumping the excavated material near the tunnel portal, the
transportation of rock material was planned using a wheel loader
and trucks that are permitted to ride on public roads. The sprayed
concrete was applied by Meyco Potenza manipulator. At the later
stage of the project, two pieces of these machines were used. The
ventilation of the tunnels was ensured by a Cogemacoustic blower
with 2x355kW output and a diameter of ventilation ducts of 1600
and 1200mm. Pumping of the explosive emulsions was provided
by the manufacturer of the explosives by mini SSE charging unit
mounted on a Normet tunnel platform with two working baskets.
Cement grouting was carried out by using an injection unit Atlas
Copco Unigrout MAX 244C on truck chassis with four separate
lines, one of which was always been considered as a reserve.
Injection works with polyurethane resins were performed by a GX
45 pump supplied by Minova Bohemia s.r.o.
4.6 Crew and working in tours of duty

In average 40 permanent employees of Metrostav a.s. from the
Czech Republic and Slovakia worked on the project. Another

Table 1 Factual data

tratovy tUsek LU24 - Espoonlahti lot of the project LU24 - Espoonlahti
investor Lansimetro Oy client Lansimetro Oy
projektant " Rodkpan Lid designer e Rookpan L4
Metrostav a.s., Praha, Metrostav a.s., Praha,
piubieniie | contactr Eer
Finsko Finland
zahajeni vystavby 05/2016 work beginning 05/2016
ukonceni vystavby 12/2018 work ending 12/2018
pficny fez tratovych tunell 36,2 m? cross section of the railway tunnel 36.2m?
- a4 e
:ﬂmi :Iélka razenych tunell 2984 m ;«;tgl;g%: of excavated tunnels 2 984m
velikost nadlozi 7-30m overburden 7-30m
celkovy vyrub (véetné Sachet) 245000 m® total excavated space 245 000m?
celkovy objem injektazi 2,2 mil. kg CERIVENRS L ITES)
celkovy objem trhavin 550 000 kg total consumption of grouting material 2,2 mil. kg
celkové délka svornikové vjztuze 111000 m total consumption of blasting material 550 000kg
celkové mnozstvi stfikaného betonu 13500 m? et IEnamiotiotisin talled IO
total volume of shotcrete 13 500m®

Zulova skalni baze

geologie dle dokumentace s poruchovymi zénami
primérna délka zabéru do5m
rychlost postupu 10-20 m/den
metoda razby Drill&Blast

svornikova vyztuz

zajisténi vyrubu a stiikany beton

granite rock base

geological condition based on design with fault zones

average length of excavation rounds up to 5m
excavation advance rates 10-20m/day
excavation method Drill&Blast

rock bolts and shotcrete

excavation support



zhruba 20 zaméstnanct partnera ve sdruzeni zajisfovalo prace na
razbach Sachet a odvoz rubaniny z tunelu. Dorozumivacim jazy-
kem v ramci sdruzeni byla anglictina.

Zaméstnanci Metrostavu a.s. pracovali v Sestitydennich cyklech.
Ctyii tydny vzdy stravili praci ve Finsku a dal$i dva tydny byli
doma na turnusovém volnu. Smény se tak stfidaly kazdé dva tyd-
ny, pricemZ vZdy pouze jedna sména odjizdéla domu a nahradila ji
sména vracejici se z turnusového volna. Zaméstnanci pracovali ve
dvandactihodinovych sméndch, z ¢ehoZ dvé hodiny tvorily zdkonem
stanovené prestavky. Prace probihaly v nepfetrZitém provozu Sest
dni v tydnu vcetné svatkl. Jedinou vyjimkou byly Vanoce a Novy
rok, kdy se stavba kazdy rok uzavtela a prace se znovu zahdjily az
po navratu osddek z dovolené.

4.7 Razba Sachet

Za zminku také stoji razba vertikalnich Sachet, kterou provadeél
partner ve sdruzeni, spolecnost Destia Oy. Pred vlastni razbou
Sachty byly v predstihu Metrostavem a.s. vyraZeny technologické
komory, do kterych tyto Sachty usti. Z povrchu se poté navrtaly
produkéni vrty v celé délce Sachty (tzn. aZz 30 m). Trhaci prace
pak byly provadény smérem od usti Sachty do technologické ko-
mory smérem k povrchu zavéSenim ndloZi do poZadované hloub-
ky a naslednym odpalem. Rozpojend rubanina volné padala do
pfedem vyrazené komory a byla pravidelné odtéZovana pfistu-
povym tunelem na povrch. Tato metoda razby Sachty je velmi
rychld a efektivni. Casové ndro¢né je pouze rucni zacisténi vy-
rubu Sachty a jeho zabezpeceni stifkanym betonem suchou smési
z ruky. VeSkeré vyztuZeni Sachty se provadi z posuvné pracovni
plosiny.

5. ZAVER

V soucasnosti probihaji v jiz predaném dile navazujici stavebni
préace jinym dodavatelem. Jedné se zejména o betondZe v techno-
logickych komordch a v budouci stanici. Jsou také provadény pra-
ce na ukladani Zelezobetonovych prefabrikati do tratovych tunela
metra, ve kterych povedou findlni rozvody elektroinstalace a dalsi
média. Termin uvedeni do provozu druhé etapy tohoto projektu za-
tim neni pevné stanoven, ale jiZ nyni se predpoklada, Ze to nebude
pted koncem roku 2020, jak bylo ptivodné uvazovano.

Metodou Drill&Blast vyrazila spole¢nost Metrostav a.s. uz té-
mef 30 km tunell v nékolika zemich severni Evropy, mimo Finsko
také na Islandu a v Norsku.

Vzhledem ke v§em omezenim a komplikacim, které zhotovitele
beéhem realizace této zakazky potkaly, je celkové hodnoceni klad-
né. Spolecnost Metrostav a.s. se i po tiileté prestavce dokazala vra-
tit na finsky trh a investor vysoce hodnotil kvalitu odvedené prace.
Projektovy tym ziskal nové poznatky a zkuSenosti, které bude moci
vyuZit na projektech budoucich.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. PAVEL HERMAN, pavel herman@metrostav.cz,
Metrostay a.s.
Recenzoval Reviewed: Ing. Jan Korejéik
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approximately 20 employees from the partner” s company worked
on the excavation of the shafts and on the transportation of the
excavated material from the tunnel. The English language was used
in communication among the joint venture partners.

Employees of Metrostav a.s. worked in six-week working cycles.
They spent four weeks working in Finland, and the next two
weeks they were at home on an auxiliary holiday. The crews were
changed every two weeks whereas only one crew was going home
and was replaced by the one returning from home. Employees
worked in twelve-hour shifts, with two hors considered as a legally
prescribed break. The work proceeded in continuous operation six
days a week, including public holidays. The only exception was
Christmas and the New Year” s Eve, when the construction site
was closed every year and the work was resumed after the crew
returned from holidays.

4.7 Excavation of the vertical shafts

Also worth mentioning is the excavation of the vertical shafts
carried out by a partner in the joint venture, Destia Oy. Technology
chambers to which the shafts were connected were excavated in
advance, before the shaft excavation. The production boreholes were
then drilled from the surface along the total length of the shaft (i.e.
up to 30m). The blasting work was then carried out from the bottom
of the shaft toward the surface by hanging up the explosives to the
required depth and firing them. The disintegrated rock fell freely
down to the pre-excavated chamber and was regularly transported
through the access tunnel up to the surface. This method of shaft
excavation is very fast and efficient. The only time-consuming part is
manual scaling of the excavation and supporting the excavation with
dry-mix sprayed concrete applied from hand. All support of the shaft
excavation is installed from a sliding work platform.

5. CONCLUSION

At the moment, the construction site is already handed over to
the client and following works, in particular concrete casting works
in technologyl chambers and in the future station, are carried out by
another contractor. Reinforced pre-cast concrete segments are also
being put in place in the metro running tunnels, where electrical
wiring and other media will lead. The opening date of the second
phase of the project is not yet firmly established, but it is anticipated
that it will not be before the end of 2020, as originally envisaged.

Metrostav a.s., using the Drill & Blast excavation method, has
excavated almost 30km of tunnels in several northern European
countries, apart from Finland also in Iceland and Norway.

Taking into regards all the difficulties which contractor met
during implementation of this project the overal feeling is good.
After three years of absence Metrostav a.s. managed to return to
Finish market and the client highly regarded the quality of work that
had been done. Contractor project team acquired new knowledge
and experience that will be used during future projects.

Ing. ALES GOTHARD, ales.gothard@metrostav.cz,
Ing. PAVEL HERMAN, pavel herman@metrostav.cz,
Metrostav a.s.
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TUNEL ZILINA ZILINA TUNNEL

ANDREJ KORBA, ALENA HASIKOVA, JIRI MOSLER

ABSTRAKT

Tunel Zilina na ddlnici D1 Hri¢ovské Podhradie — Lietavskd Liicka byl jiZ v casopisu Tunel prezentovdn. Razba 650 m dlouhého tunelu
ve sloZitych geologickych podminkdch byla zahdjena koncem roku 2014 a dokoncena v vinoru 2017. Prispévek je zaméren na shrnuti po-
znatkii a praktickych zkuSenosti z razeb tunelu, rekapituluje mimorddné uddlosti, dodatecny geologicky priizkum a ndvrhy novych opatreni

v reakci na nestabilitu vyrubu a deformace osténi.

ABSTRACT

The Zilina tunnel on the Hri¢ovské Podhradie — Lietavskd Liicka section of the D1 motorway has already been presented in TUNEL
Journal. The excavation of the 650m long tunnel through difficult geological conditions started at the end of 2014 and was finished in
February 2017. The paper is focused on a summary of the knowledge and practical experience from the tunnel excavation. It recapitulates
extraordinary events, the complementary geological survey and proposals for new measures responding to the excavation instability and

deformations of the linings.

1. ZAKLADNI INFORMACE O TUNELU ZILINA

Tunel Zilina je souéasti prodlouzeni trasy délnice D1 Hri¢ovské
Podhradie — Lietavskd Lucka, ktera tvori jizni obchvat mésta Zilina
aje jednim z tuneld na tomto dseku spolu s tunelem Ov¢iarsko. Stav-
bu realizovalo pro investora Narodna dialni¢né spolo¢nost sdruzeni
firem Doprastav, Vahostav, Strabag a Metrostav. Vlastni vystavbu tu-
nelu zajistovalo sdruzeni firem Doprastav — Metrostav, projektantem
byl Basler & Hofmann Slovakia. Jedna se o dva tubusy se dvéma
jizdnimi pruhy kategorie 2T-8 propojené dvéma prichozimi tune-
lovymi propojkami. Délka raZené ¢asti severniho tunelu je 648,5 m,
jizniho tunelu 657 m s maximalnim nadloZim 38 m.

1. BASIC INFORMATION ON ZILINA TUNNEL

The Zilina tunnel is part of the extension of the Hri¢ovské
Podhradie — Lietavska Lucka section of the D1 motorway, forming
the southern by-pass of the town of Zilina and, together with the
Ov¢iarisko tunnel, is one of the tunnels located in this section,. The
construction was realised for Narodna dialni¢na spolo¢nost (National
Highway Company), the project owner, by a consortium consisting
of the companies of Doprastav, Vahostav, Strabag and Metrostav.
The construction of the tunnel itself was provided by a consortium
formed by Doprastav and Metrostav, the design was carried out by
Basler & Hofmann Slovakia. The tunnel has two tubes with two

Tab. 1 Rozdéleni tunelu do geotech. blokii s geotech. typy a tridami NRTM dle DZS
Table 1 Division of the tunnel into geotech. blocks with geotech. types and NATM excavation classes according to the design for tendering

staniceni severni zatfidéni upravena technologickeé tfidy vyrubu — bézny profil
chainage northern vyéka podle delka excavation support classes — common profile
e geot. | nadlozi | ONORM | "22eM° "5y T611 6 [ 71 [ mP | 7180 | 7/1ve [ 7IBOVP | MPVP
fech typ m B 2203 = 52 |61 | 62 |71 [ MP | 71BO | 7A1VP | 7IBOVP | MP VP
blocks geo- | over- | catego- | noq spkl
od do | tech. | burden | risation i Kl hi hluboka
geo- | from | to | ¢ height | _ b section 1 gpp |SP sp ki spki deep
tech ype | helg -4 changed Sp deep Sp SP .
: m ONORM | */ 5 invert | ;-4 invert invert invert
B 2203 er:TgI; inver

Zl | 02100 | 0,2271 | Gf 15 C3-4 17 2 15

Zl 0.2100 | 0.2271 G 15 C3+4 17 2 15

ZIl | 02271 | 02854 | G2 | 15-21 C3-4 60 28 | 32

Zll 0.2271 | 0.2854 G2 15-21 C34 60 28 | 32

ZIl | 02854 | 04163 | G3 | 21-34 | C2-3 129 10 | 49 70 85
ZII | 0.2854 | 0.4163 G3 21-34 C2-3 129 10 | 49 70 85
ZIV | 0,4163 | 0,4582 G2 34-37 C3 42 12 30

ZIV | 0.4163 | 0.4582 G2 34-37 C3 42 12 30

Z\V | 04582 | 05368 | G3 | 37-39 C2 78 12 | 26 40 55
Z\V | 04582 | 05368 | G3 | 37-39 C2 78 12 | 26 40 55
ZVl | 05368 | 0,5604 | G2 | 39-38 | C2-3 24 9 15

ZV1 | 05368 | 0.5604 | G2 | 39-38 | C2-3 24 9 15

ZVl | 05604 | 05992 | G2 | 38-37 C2 39 12 27

ZV1 | 05604 | 05992 | G2 | 38-37 C2 39 12 27
ZVIl | 05992 | 0,6474 | G2 | 37-34 C3 48 11 37
ZVIl | 0.5992 | 0.6474 G2 37-34 C3 48 11 37
ZVIl | 0,6474 | 0,7085 | G3 | 34-32 C2-3 61 5 | 21 35 40
ZVIl | 0.6474 | 0.7085 G3 34-32 C2-3 61 5 21 35 40
ZVIl | 0,7085 | 0,7609 | G2 | 32-30 C2 52 15 37
ZVII | 0.7085 | 0.7609 | G2 | 32-30 C2 52 15 37
ZVII | 0,7609 | 0,8430 | G2 | 30-15 C2 83 68 15
ZVIIl | 0.7609 | 0.8430 G2 30-15 C2 83 68 15
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Obr. 1 Dodatecny geofyzikdlni prizkum severni tunelové trouby
Fig. I Supplementary geophysical survey for the northern tunnel tube

2. GEOLOGIE

Tunel je situovan v paleogénu reprezentovaném predevsim jilov-
ci silné zvétralymi aZ rozloZenymi charakteru zemin, svah zapad-
niho portalu se nachdzi v sesuvném pasmu. Geologie byla jiz diive
podrobné popsana v Casopisu Tunel ¢. 3/2015, 4/2016 a 2/2018.

Tunel byl podle geologického priizkumu pro DZS provedené-
ho v letech 1996 az 2010 roz¢lenén na osm geotechnickych bloki
s geotechnickym typem horniny G1, G2, G3. Na zakladé téchto
parametri byl vypracovan projekt razby tunelu s navrhem techno-
logickych tfid NRTM.

JiZ po zahajeni razby tvodniho tdseku severniho tunelu ze zépad-
niho portalu bylo ziejmé, Ze geotechnické parametry neodpovidaji
prizkumu. Po prvni mimotadné udélosti, pri které doslo k vyko-
minovani Celby pfi vySce nadlozi 8 m, zhotovitel zadal provedeni
dodate¢ného geologického prizkumu za ucelem upfesnéni geo-
technickych parametrd. Byl proveden podrobny geolologicky
a geofyzikalni prizkum v celé délce tunelu v trase jak severniho,
tak jizniho tunelu, bliZe je popsan v Tunelu ¢. 4/2016. Bylo zjis-
téno, Ze rozsah i stupenl zvétrani horniny je vyrazné vétsi oproti

2T-8 traffic lanes and two cross passages for persons. The lengths
of the mined parts of the northern tunnel tube and southern tunnel
tube amount to 648.5m and 657m, respectively, with the overburden
maximally 38m high.

2. GEOLOGY

The tunnel is located in the Palaeogene environment, represented
mainly by heavily weathered up to decayed mudstone with the
character of soils; the western portal slope is located in a landslide
zone. The geology was already described in detail earlier, in
TUNEL journal issues No. 3/2015, 4/2016 and 2/2018.

The tunnel was divided on the basis of geotechnical investigation
carried out for the design for tendering from 1996 to 2010 into
eight geotechnical blocks with geotechnical ground types GI,
G2 and G3. Based on these parameters, the design for the tunnel
excavation was developed with the following proposal for the
NATM excavation support classes.

It was obvious as early as after the commencement of the tunnel
excavation from the western portal that the geotechnical parameters

Obr. 2 Priprava zdpadniho portdlu
Fig. 2 Preparation of the western portal
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DZS. Byly naméfeny nizké geotechnické parametry: F = 14,3—
30,1 MPa, ¢ = 0-18 kPa, ¢ =10°-27°. Odbér vzorkl z vrti pro tri-
axidlni zkousky nebylo mozné provést v potfebné kvalit¢ z divodu
nesoudrznosti materidlu. Na zdklad¢ vysledkd provedeného geo-
logického a geofyzikdlniho prazkumu (obr. 1) byla prepracovana
realizacni dokumentace razby tunelu s novymi tfidami NRTM.

3. REKAPITULACE PRUBEHU VYSTAVBY

Z dtvodu prodlouZeni pfipravnych praci pfi vystavbé zdpad-
niho portdlu byla razba tunelu zahijena asi s pilrocnim zpozdé-
nim oproti ptivodnimu pfedpokladu. Pro urychleni zacatku razeb
se pred severnim tunelem provedla konstrukce ,,Zelvy* v délce
12,5 m, tim bylo mozZno redukovat rozsah zajiSténi spodni Casti
portélové stény (obr. 2).

Razby byly zahajeny 20. 11. 2014, jiZ po prvnich zabérech bylo
patrné, Ze zastizena geologie neni plné v souladu s predpokladem
geologie v zadani. Razba dvodniho dseku probihala pod ochranou
»zelvy*, na ni navazoval pfechodovy usek v nejtézsi navrzené tech-
nologické tiidé VT 7.2. V uvedené tiidé byla navrZzena kombina-
ce zajisténi predpoli tunelu celbovymi kotvami, pouZziti opérného
klinu, stabilizace Celby stiikanym betonem s armovacimi sit€mi,
pouZiti radidlniho kotveni a roz§ifené paty osténi kaloty a opéfi.

Z divodu nedostatecné stability ¢ela vyrubu vSak bylo nezbytné
upravit typ a rozsah zajistujicich prvku a byla vyprojektovana nova
technologicka tfida vyrubu VT 7.3. Stabilita Celby byla zajistovana
Celbovymi IBO kotvami délky 8 m s prekrytim 4 m v kombinaci
s injektovanymi IBO de$tniky 51 mm délky 9 m vrtanymi v kaz-
dém druhém zabéru. Vrtné prace se provadély se vzduchovym vy-
plachem, aby nedochazelo k nezadoucimu vyplavovani materidlu
z Celby pii pouziti vodniho vyplachu. Ukézalo se vSak, Ze i vrtani
na vzduchovy vyplach zpisobuje zhorSeni stability celby vlivem
nakypfeni horniny a zhorSeni soudrznosti zpisobené tlakem vzdu-
chu. Z toho diivodu bylo pfijato opatfeni neprovadét kotveni Celby
a byl predloZen navrh pro vypusténi radialniho kotveni.

Obdobné bylo nezbytné upravit postup provadéni stabilizacniho
nastiiku vyrubu. Z divodu minimdlni stability povrchové vrstvy
horniny vyrubu bylo nutno provadét néstiik betonu postupné v né-
kolika vrstvach tl. 2-3 cm s technologickou pfestavkou mezi jed-
notlivymi vrstvami.

Kromé zminénych problému spojenych se stabilitou ¢ela vyrubu
dosahovaly nepfiznivych hodnot také deformace tunelového osté-
ni, které se projevovaly rychlym sedanim s minimalnimi pfi¢nymi
konvergencemi a seddnim povrchu terénu i pres rychlé uzavirdni
celého profilu tunelu ve vzdalenosti 8 m od Cela tunelu (obr. 3).

Negativni dopad provadéni ¢elbovych kotev na stabilitu Celby
potvrdilo jejich opétovné zavedeni ve staniceni 240,02 m, 33 m od
portalu. Pfi jejich vrtani doSlo k samovolnému rozvolnéni Celby

Obr. 3 Uzavirdni celého profilu tunelu
Fig. 3 Closing of the whole tunnel profile

did not correspond to the investigation conclusions. After the first
extraordinary event, during which the 8m high excavation heading
overburden caved in, the contractor ordered a supplementary
investigation with the aim of refining the geotechnical parameters.
The detailed geological and geophysical survey was conducted
throughout the tunnel length along the route of both the northern
and southern tunnel tubes. It is described in more detail in TUNEL
issue 4/2016. It was found out that the extent and degree of rock
mass weathering was greater than described in the design for
tendering. The following low geotechnical parameters were
measured: EM= 14.3-30.1MPa, c = 0-18kPa, ¢ =10°-27°. It was
not possible to collect samples from the boreholes for triaxial tests
in the necessary quality because of incoherence of the material.
The design of excavation and support was reworked on the basis
of the results of the geotechnical investigation (see Fig. 1) and new
excavation support classes were designed.

3. CONSTRUCTION PROCESS RECAPITULATION

Because of the extension of the preparatory work on the western
portal, the tunnel excavation commenced with an approximately six
month delay in comparison with the original assumption. A 12m
long cover-and-cut section was constructed in front of the northern
tunnel with the objective to accelerate the commencement of the
excavation. In this way, it was possible to reduce the extent of the
stabilisation work on the lower part of the portal way (see Fig. 2).

The excavation commenced on 20" November 2014 and it
was obvious just after initial excavation rounds that the geology
encountered was not fully in agreement with the geology assumed
in the design. The excavation of the initial section proceeded using
the cover-and-cut method. A transition section excavated through
the most difficult excavation support class VT 7.2 rock followed.
A combination of stabilisation of the front zone with tunnel face
anchors, the use of a wedge support core, stabilisation of the face
by shotcrete with welded mesh, the use of radial anchors and the
widened footings of the top heading and bench linings were designed
for the above-mentioned class.

It was however necessary because of the insufficient excavation
stability to adjust the types and extent of the supporting elements.
A new excavation support class VT 7.3 was designed. The excavation
face stability was provided by 8m long IBO anchors with 4m long
overlapping, combined with 9m long canopies formed by 51mm-
diameter grouted IBO bolts; drilling for the bolts was carried out in
every other excavation round. Air flush was applied to the drilling so
that undesirable washing of material from the excavation face which
would have happened in the case of the application of water flush
was prevented. But it turned out that even drilling with the air flush
causes deterioration of the face stability due to rock bulking and
worsening of coherence caused by the air pressure. For that reason

Obr. 4 Vysypdvdni horniny v pristropi kaloty
Fig. 4 Loose ground falling from the top heading roof




a postupnému vytvoreni predstihu v délce cca 3 m pod ochrannym
destnikem. Dne 17. 1. 2015 doslo k nadvylomu a naslednému za-
valu tunelu. Podrobné je tato udalost popsana v Tunelu ¢. 2/2018
(obr. 4).

Pro minimalizaci prodlouzeni doby vystavby z divodu zmaha-
ni zavalu severniho tunelu bylo rozhodnuto zahdjit razbu jizZniho
tunelu z dosud pouze Castecné zajiSténého portdlu. Zajisténi sta-
bility nadloZi jiZzniho tunelu bylo na rozdil od severniho navrZeno
v podobé mikropilotového deStniku délky 15 m namisto ,,Zelvy*
z diivodu pokrocilejsiho stupné zajisténi portalové stény (obr. 5).

Podminkou zahdjeni razby jizniho tunelu bylo pokracovat v raz-
bé kaloty po tvodnich 15 m razby s protiklenbou z vyztuZeného
stitkaného betonu. Toto feSeni umoziiovalo vyrazit kalotu v celé
délce tunelu s moznosti nasledného dobirdni stupné a dna. Dalsi
podminkou bylo, Ze deformace osténi nesmi piekrocit 150 mm.
Také bylo rozhodnuto nahradit ¢elbové IBO kotvy délky 8 m sklola-
minatovymi kotvami @ 24 mm vkladanymi do vrtd délky 12-24 m
@ 150-170 mm v cementové zélivee s prekrytim 8 m.

Po vyrazeni tivodnich 28 m kaloty s protiklenbou béhem tfi tyd-
nti v§ak dosahly deformace mezni hodnoty 150 mm a jejich priibéh
nenaznacoval uklidiiujici tendenci. Prace na kalot€ byly proto za-
staveny a byla zahdjena razba stupné a dna a cely profil tunelu byl
uzavien do vzdalenosti 16 m od cela kaloty. V tomto misté bylo
dosazeno nejvétsi deformace za celou dobu raZeb obou tubusd, a to
320 mm a bylo nutno jej nasledné prestrojit a reprofilovat.

V tomto dseku razeb byla vyhodnocena tcinnost provadéni roz-
Sifené paty osténi kaloty a opéfi. Z diivodu nedostate¢ného ucinku
zmirnéni deformacnich projevil pfi razbé a ¢asové naro¢nosti pro-
vadéni bylo rozhodnuto je nadale neprovadeét. Pro zvySeni bezpec-
nosti prace a stability Celby kaloty bylo dale rozhodnuto zvétsit
odstup uzavirani dna tunelu z 8 m postupné na 16 m od cela kaloty.

S nartstajici vyskou nadloZi jizniho tunelu dochézelo k dal§imu
zhorSovani stability Celby. U¢innost zajisténi Celby sklolaminato-
vymi kotvami byla dostacujici pouze do vysky nadloZi cca 17 m,
kdy bylo vyrazeno 63 m kaloty, poté se opét zacala projevovat ne-
stabilita celby. Z toho divodu byly zastaveny préace na jiZnim tune-
Iu a dohodnut dalsi postup.

S odstupem cca 40 m za Celbou jizniho tunelu byla po provedeni
zajistujicich praci a likvidaci zévalu znovu zahdjena razba severni-
ho tunelu pfi shodném technickém a organizacnim feSeni zajisténi
vyrubu jako u jizniho tunelu. Dva dny po pferuseni razby jizZniho
tunelu doslo v severnim tunelu ve vzdalenosti 32 m od Celby jizni-
ho tunelu ke vzniku nadvylomu s postupnym opaddvanim stfipko-
vit€ odlu¢né horniny z obvodu vyrubu s ndslednym zavalem tunelu.
Soucasné doslo k priniku podzemni vody a zvodnélych rozvolné-
nych paleogennich jilovct v konzistenci Cerstvého fidkého betonu
s drobnymi tlomky jilovct a jemnych Castic jilu, prestoZe pfi vrtani
destniku IBO 51 délky 9 m nebyl zaznamenan Zadny pritok vody.

Po této druhé mimoradné udalosti bylo nezbytné piijmout jiné
dodate¢né opatieni pro zvySeni stability vyrubu. V ndvaznosti na
vyhodnoceni realizovanych zkouSek horizontalnich tryskovych
injektdzi z Cela tunelu a posouzeni jejich proveditelnosti bylo na-
konec pfistoupeno k provadéni vysokotlaké injektaze Celby. Byly
stanoveny limitni hodnoty pro provadéni injektdzi, a to 100 I na
jednu etaz, nebo dosaZeni injektdZniho tlaku 2 MPa. Pfi provadé-
ni praci se ukazalo, Ze mnozstvi injektazni smési 100 1 na etdz je
nedostate¢né a nezarucuje potiebnou stabilitu Celby. Proto jako
jedind limitni hodnota injektazi bylo stanoveno dosaZeni poZado-
vaného tlaku 2 MPa bez ohledu na objemové mnoZstvi injektazni
smési.

Byly nahrazeny stdvajici ochranné deStniky z IBO kotev
@ 51 mm mikropilotovymi de$tniky @ 114 mm délky 12 m s pre-
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Obr. 5 Zahdjeni razby JTT ze zdpadniho portdlu
Fig. 5 Commencement of the STT excavation from the western portal

a measure not to carry out anchoring of the face was adopted and
even a proposal to exclude radial anchoring was submitted.

Modifying the procedure for applying stabilisation shotcrete to the
excavation was similarly necessary. Because of the minimal stability
of the upper layer of the rock at the top of the excavation, it was
necessary to apply shotcrete in steps, in several 2—-3cm thick layers,
with technology breaks between individual layers.

In addition to the above-mentioned problems associated with
excavation stability, the values of deformations of the tunnel lining
reached unfavourable levels. They manifested itself by quick
settlement with minimum transverse convergences and settlement of
the terrain surface despite the fast closing of the whole tunnel profile
at the distance of 8m from the tunnel excavation face (see Fig. 3).

The negative impact of drilling for anchors ahead of the face was
confirmed by the repeated introduction of anchors at chainage meter
240.02, 33 from the portal. During the drilling process the excavation
face rock spontaneously loosened and ca 3m long excavation advance
gradually developed under the protective canopy. On 17" January
an overbreak occurred and the tunnel excavation subsequently
collapsed. This event was described in detail in TUNEL journal issue
2/2018 (see Fig. 4).

The decision was made for the purpose of minimising the
construction time extension because of the work on the removal
of the northern tunnel collapse that the excavation of the southern
tunnel tube would start from the still only partially stabilised portal.
In contrast with the northern tube, 15m long canopy tube pre-support
was designed for stabilisation of the southern tunnel overburden
instead of using the cover-and-cut technique, with respect to the
more advanced work on the portal wall (see Fig. 5).

There was a condition for the commencement of the excavation
of the southern tunnel tube that the top heading excavation after
initial 15m advance would continue with constructing the reinforced
shotcrete invert. This solution allowed for driving the top heading
throughout the tunnel length with the possibility of subsequent
completion of excavation of the bench and bottom. Another
condition was that deformations of the lining exceeding 150mm
were not permitted. It was in addition decided that the 8m long face-
supporting IBO anchors would be replaced with 8m overlapping
glassfibre reinforced plastic anchors @ 24mm inserted into 12-24m
long, 150—-170mm diameter boreholes filled with cementitious grout.

After completion of the excavation of initial 28m of the top heading
with the invert during the course of three weeks, the deformations
reached the ultimate value of 150mm and their development did
not indicate any tendency toward stabilisation. The work on the



Obr. 6 Vrtdni mikropilotovych destnikii a celbovych kotev
Fig. 6 Drilling for canopy tube pre-support and face supporting anchors

kryvem 4 m injektovanymi cementovou smési a vrtani odvodio-
vacich vrtd délky 20 m v tusecich se zvySenym rizikem vyskytu
podzemni vody (obr. 6).

Po provedeni zkusebniho useku bez radidlniho kotveni na sever-
nim tunelu, pfi kterém se potvrdilo, Ze toto nema prakticky zZadny
vliv na velikost naméfenych hodnot deformaci osténi tunelu, doslo
k vypusténi radidlnich kotev na severni tunelové troubé ze zapad-
niho portalu. Jako dodatecné opatfeni pro sniZeni deformaci osténi
tunelu a poklest terénu byla provedena tprava tvaru pficného pro-
filu a zvétSeni prohloubeni dna tunelu (obr. 7).

VySe popsand opatfeni se ukdzala jako dostatecné G¢inna jak
z pohledu zajisténi stability vyrubu, tak fizeni deformacnich pro-
jevu razeb. Pri dosazeni vysky nadloZi 20 m vSak zacalo dochazet
ke vzniku smykovych trhlin v osténi na horizontu pfechodu kalota
stupei i pfesto, Ze bylo provadéno uzavirani celého profilu tune-
lu do 16 m od Cela kaloty vcetné provadéni protiklenby na kaloté
(obr. 8.1, 8.2).

Pro eliminaci tohoto jevu bylo navrzeno
zesileni vyztuZeni primérniho osténi v tomto
misté v podobé vloZzenych soubéznych cas-
ti pfihradovych raml pro zvySeni smykové
pevnosti osténi. Pozadovany vysledek to ale
nepriineslo a bylo nutno nahradit stavajici tii-
prutové piihradové ramy Ctyiprutovymi.

Z casovych divodi bylo v dobé po druhé
mimotadné udélosti rozhodnuto zahijit po
dokonceni zajisténi vychodniho portalu pro-
tirazbu. Vzhledem k vyrazné lepsi progndze
geotechnickych parametrii horniny v useku
razeb z vychodniho portdlu podle vysledkl
dodatecného geologického prizkumu byly
navrZeny technologické tfidy vyrubu bez uva-
Zovani vysokotlaké injektaze s vyjimkou po-
ruchovych pasem.

K poslednimu zéavalu tunelu doslo 24. 9.
2016 na jiznim tunelu, pfi razbé z vychod-
niho portalu, tésné pied proraZenim, v dobé¢,

top heading was therefore stopped, the excavation of the bench
and bottom was started and the whole tunnel profile lining was
closed up to the distance of 16m from the top heading excavation
face. Deformation value of 320mm, the largest for the entire time
of the excavation of both tunnel tubes, was reached at this place. It
was subsequently necessary to reinstall the excavation support and
reprofile the excavation contour.

The effectiveness of the widened footings of the top heading and
bench linings was assessed in this excavation section. The decision
was made that it would not be further carried out with respect to the
insufficient effect of the above-mentioned measures on mitigation of
deformational manifestations encountered during tunnel excavation
and on the time demands of the installation. It was further decided
that the distance of closing the tunnel bottom lining from the top
heading excavation face would be gradually increased from 8m to
16m with the aim of increasing safety at work and stability of the top
heading excavation face.

The stability of the face further deteriorated with the increasing
height of the southern tunnel tube overburden. The effectiveness of
supporting the face with glassfibre reinforced plastic anchors was
sufficient only up to the overburden height of ca 17m, which was
reached when about 63m of the top heading excavation had been
finished. Then the excavation face instability started to manifest
itself again. The work on the southern tunnel was for that reason
stopped and another procedure was agreed.

The excavation of the northern tunnel tube was restarted at the
distance of ca 40m behind the southern tunnel excavation face,
after completion of the stabilisation operations and recovery of the
collapsed tunnel. The technical and organisational solution to the
excavation was identical with the solution applied to the southern
tunnel. Two days after the interruption of the southern tunnel
excavation, an overbreak appeared in the northern tunnel at the
distance of 32m from the southern tunnel excavation face. Shards
of rock started gradually to fall down from the tunnel excavation
circumference and an excavation collapse followed. At the same time
groundwater and loosened water-bearing Palaecogene mudstone with
the consistency of fresh thin concrete, containing small fragments
of mudstone and fine particles of clay penetrated into the excavation
despite the fact that no water inflow was registered during the course
of drilling for the 9m long IBO 51 canopy.

It was necessary after the second extraordinary event to adopt
another additional measure for increasing the excavation stability.

vy o

Obr. 7 Uprava tvaru piicného profilu
Fig. 7 Modification of the cross-sectional geometry




Obr. 8.1 Smykové trhliny v osténi
Fig. 8.1 Shear cracks in the lining

kdy se jiz zdalo, Ze razi¢e nemiiZe piekvapit Zadna necekand uda-
lost. V tomto misté nebyla dodate¢nym geologickym prizkumem
signalizovana zadna geologicka porucha. Pfi razbé kaloty doslo
k nadvylomu na Celbé€ a naslednému zavalu, pribéh byl podobny
jako u zavalu €. 1 na severnim tunelu. Doslo k postupnému rozvol-
novani stfipkovité rozpadavé horniny a prodluzovani nadvylomu
ve sméru razby, a tim obnaZovéani ochranného destniku z IBO kotev
51 mm. Nepodafilo se provést stabilizaci ¢elby a nasledné doslo
k zavalu tunelu (obr. 9.1, 9.2, 9.3).

Pred zmdhanim zéavalu a zahdjenim dalsi raZby bylo provedeno
zajistujici opatfeni spocCivajici v proinjektovani okoli vyrubu po-
moci véjifovitych vrtd @ 114 mm délky 12 m vrtanych pres osténi
tunelu a zajisténi Celby Celbovymi kotvami vrtanymi a osazeny-
mi pres zpevnény sypny kuzel rubaniny. Na severnim tunelu bylo
v tomto staniceni provedeno proinjektovani horniny vysokotlakou
injektazi.

K dal$im neocekavanym komplikacim pfi razb¢ jiz dile nedoslo,
jiZni tubus byl GspéSné proraZzen 3. 11. 2016, severni 9. 2. 2017.

4. NAVRH NOVYCH TECHNOLOGICKYCH
TRID VYRUBU

Jak vyplyva z rekapitulace pribéhu razeb, v prubéhu vystavby
tunelu se vyskytla fada nepfedpokladanych okolnosti a bylo ne-
zbytné operativné reagovat na zastiZzené geotechnické poméry
a vyhodnocovat tG¢innost navrzenych opatfeni. Jednalo se prede-
v§im o nepriznivé geotechnické poméry, nestabilitu Celby a vyrubu,
absenci vzniku horninové klenby a rychly nartist deformaci.

Zastizené podminky na Celbé byly operativné vyhodnocovany
a prijimala se dopliiujici opatieni pro bezpecny pribéh razeb. Pro-
jektovani novych opatieni a technologickych tiid vyrubu postupo-
valo podle potfeb vystavby, za coZ patii dik zkusenym projektan-
tim z projek¢ni kancelare Basler & Hofmann.

Tunel byl vyraZen v osmi zédkladnich technologickych tfidach
7/2-7/5 a 8/6-8/9 s odliSnymi modifikacemi a nékolika dopliiko-
vych, lokdlné uplatnénych technologickych tfid vyrubu. Primarni
osténi bylo navrZeno ze stfikaného betonu tl. 25 a7 40 cm, armova-
cimi sit€émi 150x 150 x 8 mm ve dvou vrstvach s pfiloZkami 16 mm.
Dale byly pouZity ochranné deStniky IBO 51, mikropilotové dest-
niky @ 114 mm, radialni kotvy IBO 32 mm délky 6 az 8 m, &elbové
kotvy délky 8 aZ 20 m, opérny klin Celby, stabiliza¢ni néstfik celby
SB se siti, ,,sloni nohy*, protiklenba na kaloté, vysokotlaké injek-
taze (obr. 10, 11).
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Obr. 8.2 Smykové trhliny v osténi
Fig. 8.2 Shear cracks in the lining

As a follow-up to the assessment of the realised tests of horizontal
jet grouting ahead of the tunnel excavation face and assessment of
its feasibility, the contractor proceeded to carry out high-pressure
grouting into the face. Limit values were set for injecting the grout,
concretely 100L per one stage or reaching the grouting pressure of
2MPa. It turned out during the course of the grouting operations
that the 100L amount of grout per stage was insufficient and did
not guarantee the required stability of the excavation face. For that
reason the only limit value set for grouting was reaching the required
pressure of 2MPa, regardless of the volume of grouting mixture.

The existing protective canopies formed by IBO anchors were
replaced with canopy tube pre-support formed by 12m long,
@ 114mm tubes with 4m overlaps, grouted with cementitious
mixture, and drilling for 20m long drainage holes in the tunnel
sections with an increased occurrence of groundwater (see Fig. 6).

After completion of the test section without radial anchors in the
northern tunnel tube, where it was confirmed that it had virtually no
influence on the magnitude of the measured values of tunnel lining
deformations, the radial anchors were excluded. The cross-section
geometry was modified and the tunnel bottom excavation depth was
increased (see Fig. 7) as an additional measure designed to reduce
the tunnel lining deformations.

The measures described above turned out to be sufficiently
effective from the aspect of securing the excavation stability and
the aspect of controlling the deformational manifestations of the
excavation. But, after the overburden thickness reaching 20m, shear
cracks in the lining started to appear on the horizon despite closing
the whole excavation profile up to the distance of 16m from the top
heading face, including concreting the invert in the top heading (see
Figures 8.1 and 8.2)

Strengthening of the primary lining reinforcement at this place
having the form of inserted parallel parts of lattice girders for
increasing the shear strength of the lining was designed with the
objective to eliminate the above-mentioned phenomenon. However,
the required result was not achieved and it was necessary to replace
the existing 3-rod lattice girders with 4-rod ones.

The decision was made after the second extraordinary event
for reasons of time, that counter-heading would be launched after
the completion of the stabilisation of the eastern portal. With the
results of supplementary geological survey taken into consideration,
excavation support classes were proposed without taking high-
pressure grouting into account, (with the exception of faulted zones).
The proposal was made with respect to the significantly better
prognosis of geotechnical parameters of the rock mass in the section
of the excavation heading from the eastern portal.



Obr. 9.1 Vyvoj vzniku mimorddné uddlosti od 9 h do 13 h
Fig. 9.1 Process of the origination of the extraordinary event from from 9 a.m.
to 1 p.m.

Obr. 9.2 Vyvoj vzniku mimorddné uddlosti od 9 h do 13 h
Fig. 9.2 Process of the origination of the extraordinary event from from 9 a.m.
to 1 p.m.

Obr. 9.3 Vyvoj vzniku mimorddné uddlosti od 9 hdo 13 h
Fig. 9.3 Process of the origination of the extraordinary event from from 9 a.m.
to 1 p.m.

Pro zajisténi stability Celby se ukazalo jako nejucinnéjsi opatieni
pouZiti tlakové cementové injektdZe. Zesileni prihradovych rdmi
BTX na ctyfprutové zabrdnilo vzniku podélnych a smykovych
prasklin v osténi. Rychly nartist deformaci pomohla zpomalit proti-
klenba v kaloté a nasledné uzavirani celého profilu s prohloubenym
dnem v optimalnim odstupu od kaloty. Uprava profilu dna vyrubu
pfispéla k ustaleni deformaci na pozadovanych 18 cm.

The last tunnel collapse happened in the southern tunnel on 24"
September 2016, during the course of the excavation from the
eastern portal, just before the breakthrough, at the time when it
already seemed that the miners could no more be surprised by any
extraordinary event. No geological fault had been signalled by the
supplementary geological survey in this location. An overbreak
developed at the excavation face during the top heading excavation
and the tunnel collapse followed. The course of the failure was similar
to the course of the collapse No. 1 in the southern tunnel tube. The
shardy rock was gradually loosening and the overbreak length was
increasing in the direction of the excavation. The protective umbrella
formed by 51mm-diameter IBO anchors was gradually uncovered.
The attempt to stabilise the excavation face failed and the tunnel
subsequently collapsed (see Figures 9.1, 9.2 and 9.3).

A stabilisation measure lying in injecting grout into the excavation
surroundings through fans of 12m long, 114mm in diameter
boreholes passing through the tunnel lining was implemented before
recovering the collapse and recommencing the excavation, and the
excavation face was stabilised with face anchors installed through
a hardened cone of bulk muck. In the northern tunnel, ground at this
chainage was stabilised with high-pressure grouting.

Other unexpected complications during the course of the
excavation were no more encountered; the southern and northern
tunnel tubes broke through of 3 November 2016 and 8" February
2017, respectively.

4. DESIGN FOR NEW EXCAVATION SUPPORT CLASSES

As follows from the recapitulation of the course of the tunnel
excavation, several unexpected circumstances occurred during the
course of the tunnel excavation and it was necessary to operatively
respond to the geotechnical conditions encountered and assess
the effectiveness of the proposed measures. Among the problems
encountered there were unfavourable geotechnical conditions,
instability of the face and the excavated opening, absence of the
development of ground arch and a rapid increase in deformations.

The conditions encountered at the headings were operatively
assessed and complementary measures for the safe excavation
process were adopted. The system of designing new measures
and excavation support classes worked in accordance with the
construction needs, for which the Basler & Hofman company’s
experienced designers deserve our thanks.

The tunnel was driven through eight basic excavation support
classes of rock, 7/2-7/5 and 8/6-8/9, with different modifications
and several complementary locally applied excavation support
classes. Shotcrete layers 25 to 40cm thick, reinforced with two layers
of 150x150x8 mm welded mesh with 16mm-diameter strap pieces
were designed for the primary lining. In addition, IBO 51 protective
umbrellas, canopy tube pre-support (tubes 114mm in diameter),
6 to 8m long, 32mm-diameter radial IBO anchors, 8-10m long
face support anchors, a wedge support core, applying stabilisation
shotcrete with welded mesh to excavation face, widened footings,
inverted arches at top heading and high-pressure grouting were
applied (see Figures 10 and 11).

The application of high-pressure grouting using cementitious
grout mixture turned out to be the most effective measure for the
stabilisation of the excavation face. Replacing the BTX lattice girders
with stronger four-rod lattice girders prevented the origination of
longitudinal and shearing cracks in the lining. The inverted arch in
the top heading and subsequent closing of the whole profile with the
deepened bottom at an optimal distance from the top heading helped
to slow down the rapid increase in deformations. The modification
of the excavation bottom contributed to settling the deformations at
the required 18cm.
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Obr. 10 Pricny rez zajisteni celby VT 7.2 MOD O
Fig. 10 Cross section through the excavation face support, excavation support class 7.2 MOD O
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Obr. 11 Podélny rez s protiklenbou na kaloté VT 8/7
Fig. 11 Longitudinal section through the invert in the top heading, excavation support class 8/7




28. rocnik - €. 2/2019

NeosvédCily se radidlni kotvy a rozSifeni paty osténi kaloty
a opéfi nezabranilo sedani kaloty ve Spatnych geologickych pod-
minkach s nizkym nadlozim. Ani protiklenba na kaloté bez rych-
1ého uzavirani celého profilu také samostatné nesplnila svij ucel.
Klasické celbové kotvy neplnily svoji funkci a pfi jejich provadéni
dochézelo ke zhorseni kvality Celby.

5. ZAVER

Stavebni ¢4st tunelu Zilina byla tisp&§né dokondena. Predpokl4-
dané naklady 27 mil. EUR vzrostly vzhledem k zastiZeni odliSnych
podminek oproti pfedpokladiim na 74 mil. EUR. Pozitivni skutec-
nosti zlstava, Ze i pres razbu ve velmi nepfiznivych geotechnic-
kych podminkédch nedoslo béhem vystavby k Zadnému zavaznému
urazu. Razby byly ukonceny 14. 2. 2017, betondze 19. 12. 2017.
V dobé€ psani ¢lanku probihala montdZ technologického vybaveni
a pripravuji se provozni zkousky a piiprava tunelu k uvedeni do
provozu.

Jak vyplyvéd z vyse uvedenych skuteCnosti, v piipadé nutnosti
zmény technického feSeni pri vystavbé tunelu z diivodu zastiZeni
odliSnych geotechnickych podminek oproti plivodnim pfedpokla-
dim hraje vyznamnou roli technické, ¢asové a financni hledisko.
V téchto pripadech je nezbytné pruzné reagovat na zménu pod-
minek, vypracovat a odsouhlasit technické feseni a zvaZzit financni
dopady s ohledem na smluvni podminky.

Otevieny dialog kvalifikovanych zastupct tcastniki vystavby je
nezbytny pro ispé$né vyieSeni problému. Objednatel, zhotovitel
i projektant by si méli byt védomi, Ze jsou ,,na jedné lodi“ a bez
jejich spolecného, stejnym smérem cileného tsili casto neni mozné
nastalé problémy vyfesit. Nékdy dojde k vzdjemnému konsenzu te-
prve po vzniku nebo opakovani havarijniho stavu. V pfipadé tunelu
Zilina to byl aZ vyskyt druhé mimotadné udélosti.

Opakované se potvrzuje, Ze geologicky prizkum ma zasadni vliv
na uspéch celé vystavby. Nedostatecné provedeny geologicky pri-
zkum u tuneld ve sloZitych geologickych podminkach maze vyraz-
né zkomplikovat postup vystavby. Naopak provedeni podrobného
prizkumu jiz pred fazi zadavaciho fizeni stavby miZe investorovi
vyrazné uSetfit nejen naklady na vystavbu, ale také zkratit dobu
vystavby.

6. PODEKOVANI

Autori Clanku timto dékuji vSem ucastnikim vystavby, ktefi se
podileli na vystavbé a svou praci a pristupem pfispéli ke zdarnému
dokonceni tohoto nedlouhého, ale po technické strance nesmirné
naro¢ného tunelu.
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The radial anchors did not acquit themselves well and widening of
the top heading and bench footings did not prevent the settlement of
top heading in adverse geological conditions with low overburden.
Even the inverted arch in the top heading without quick closing
of the whole profile did not fulfil its purpose on its own. Classical
face-support anchors did not fulfil their function and excavation face
quality deteriorated during their installation.

5. CONCLUSION

The civil engineering part of the Zilina tunnel has been successfully
finished. The estimated cost of EUR 27 million has increased to
EUR 74 million due to conditions differing from the assumptions.
The positive fact remains that no serious injury was incurred despite
the tunnel excavation carried out in very unfavourable geotechnical
conditions. The excavation was finished on 14" February 2017 and
concrete casting operations ended on 19" December 2017. Currently
the installation of tunnel equipment is underway, operational tests
are under preparation, and the tunnel is being prepared for opening
to traffic.

As it follows from the above-mentioned facts, the technical,
time-related and financial aspects play a significant role in the
case of a necessity for changing the technical solution during the
tunnel construction due to encountering geotechnical conditions
differing from the original assumptions. In such cases it is necessary
to respond flexibly to the changed conditions, elaborate and have
agreed a technical solution and consider financial effects with respect
to contract conditions.

An open dialogue among qualified representatives of parties to
the construction is necessary for finding successful solution to the
problem. The client, contractor and designer should be aware of the
fact that they are “in the same boat” and it is often impossible to
solve the encountered problems without their joint effort targeted
in the same direction. Consensus is sometimes achieved only after
development of emergency or after repeated emergences. In the case
of the Zilina tunnel, it was after the second emergency.

The fact is repeatedly confirmed that geological survey has crucial
influence on success of the whole construction project. Insufficiently
conducted geological survey in complex geological conditions
can significantly complicate the construction process. Conversely,
detailed survey conducted in advance of the tendering procedure can
not only significantly save the project owner’s construction cost, but
also reduce the construction time.

6. ACKNOWLEDGEMENTS

Authors of the paper thank all participants in the construction who
contributed by their work to the successful completion of this not so
long tunnel, which was, however, extremely technically complicated.

Ing. ANDRE] KORBA, korba@metrostav.cz,

Ing. ALENA HASIKOVA, hasikova@metrostav.cz,
Ing. JIRT MOSLER, mosler@metrostav.cz.,
Metrostay a.s.

[1] Basler & Hofmann Slovakia s.r.o. DRS Dialnica D1 Hricovské Podhradie — Lietavska Lucka, Cast primarne ostenie, SO 447,

SO 448 Postup vystavby VT 7/2 mod, zmena 03/2015

[2] Basler & Hofmann Slovakia s.r.o. DRS Dialnica D1 Hricovské Podhradie — Lietavska Lucka, Cast primarne ostenie, SO 447,

SO 448, Postup vystavby VT 8/7, zména 01/2016

[3] GEOFOS, s.r.o. Dialnica D1 Hri¢ovské. Podhradie — Lietavska Liicka, Tunel Zilina, inZinierskogeologicka ast DSP, Zilina,

06/2008

[4] GEOFOS, s.r.0. Doplnkovy inZinierskogeologicky prieskum, Zilina 2015 Tunel &. 3/2015, 4/2016 a 2/2018



28. rocnik - €. 2/2019

RAZBA POD JEZEREM MALAREN - FORBIFART STOCKHOLM
PROJEKT FSE209
TUNNELLING UNDER LAKE MALAREN — FORBIFART STOCKHOLM
PROJECT FSE209

TOMAS NEMECEK

ABSTRAKT

O projektu a realizaci silnicniho obchvatu mésta Stockholmu, zvaného Forbifart Stockholm, bylo drive psdno v ¢ldncich publikovanych
v casopise Tunel v Cislech 1/2017 a 4/2017. V tomto c¢ldnku je popsdn priibéh praci spolecnosti Subterra a.s. na projektu FSE209 v roce
2018 a zejména revidovany projekt v viseku pod jezerem Mdilaren, kde z diivodu nekompletnosti realizacniho projektu v tomto tiseku byly
razici prdace v wvodu roku 2018 na nékolik mésicii preruseny. V cldnku jsou uvedeny prvni zkuSenosti z raZeb prizkumnych tunelii pod

vevo

ABSTRACT

Information on the design and realisation of the Stockholm bypass road called Forbifart Stockholm was recently published in TUNEL
Jjournal issues 1/2017 and 4/2017.This paper contains a description of the history of the Subterra a. s. work on the FSE209 project in 2018
and, first of all, the revised design for the section under Lake Mdlaren, where tunnelling operations were suspended for several months
at the beginning of 2018 as the client found the original design for tunnelling under lake Mdilaren incomplete. The paper contains initial
experience from driving exploratory tunnels under the lake brought by the revised design as measures for faster and safer overcoming of

this complicated section.

1. VYVOJ PROJEKTU FSE209 V ROCE 2018

V lokalité Sitra byly razici prace v tunelech hlavni trasy HT201
a HT202, ve sméru na sever, preruseny a v lokalité Skédrholmen rov-
néz nebylo mozné, zejména z divodl zhorSené geologie, razit na
vsech Celbach, presto se dafilo primérné vyrazit pres 100 m tydné.
Souhrnné v celém roce bylo vyrazeno 527 000 m?® rubaniny, coz
predstavuje priblizné 5,5 km tunelii. Nejvetsi progres zaznamena-
ly tunely hlavni trasy, kazdy pfiblizné 1,5 km, které jsou soucasné
raZeny na Ctyfech Celbach. Na obr. 1 jsou znaceny jako celby 1 a 2
v lokalité¢ Skédrholmen a Celby 3 a 4 v lokalité¢ Sétra. RaZby tune-
lovych ramp RT211 a RT212 postoupily pfiblizné o 700 m. Zbylé
razici prace probehly v propojovacich tunelech nijezdovych, resp.
vyjezdovych ramp, propojkach tuneld hlavni trasy a vyklencich pro
technologie tunelu.

V tunelové rampé RT213 se razba dostala do useku, kde jiz pa-
vodni projektovd dokumentace pfedpoklddala pouze 1,5 m mocné
skalni nadlozi. Preruseni raZzeb pfed touto problematickou sekci
bylo planované a ocekdvané. Jedna se o tisek mezi stanicenimi km
0,690 — km 0,740, (na obr. 1 vyznaceno Cervené). Zde byla v prv-
ni poloviné€ roku z povrchu provedena tryskovd injektdz za ticelem
zesileni celého kritického tseku, aby bylo mozné razit pomoci trha-
cich praci se zabérem min. 3 m. Celkem bylo provedeno 740 pilift
tryskové injektaze o priméru 1500 mm, v délce 3560 m. Podle dat,
ziskanych z provedenych jadrovych vrtl, je vysledek injekcnich
praci velice uspokojivy, avsak teprve samotna razba, ktera do zpev-
néného prostfedi vstoupi v inoru 2019, potvrdi ucinek provedené
tryskové injektaze.

V oblasti Skédrholmen byla nejproblematictéjsi razba tunelové
rampy RT214, kde problémy s pfitékajici vodou stfidala zhorSena
geologie v podobé poruchovych z6n zna¢né mocnosti, komplikujici
vrtani a zejména aplikaci stitkaného dratkobetonu. Tato, mezi razici
nepopularni Celba, v roce 2018 postoupila pouze o 60 m. Prehled
vykont za rok 2018 je uveden v tab. 1.

1. FSE209 PROJECT DEVELOPMENT IN 2018

In the locality of Sitra, excavation operations in HT201 and
HT202 tunnels on the main route in the north direction were
suspended and it was also impossible to work on all tunnel faces in
the locality of Skédrholmen due to worsened geology; despite this
fact, the average weekly advance rate of over 100m was achieved.
The aggregate volume of muck excavated during the whole year
amounted to 527,000m®. This volume represents approximately
5.5km of tunnels. The greatest advance was achieved by the main-
route tunnels, approximately 1.5km each, which have been driven
from four faces. They are marked in Fig. 1 as faces 1 and 2 in
the locality of Skédrholmen and faces 3 and 4 in the locality of
Sitra. The excavation of tunnel ramps RT211 and RT212 advanced
approximately 700m. Remaining excavation operations took place
in cross-passage tunnels for entry and exit ramps, cross passages
between main-route tunnels and niches for tunnel equipment.

In tunnel ramp RT213, the excavation got to a section passing
through an area where only 1,5m rock overburden was expected
and long foreseen. Therefore the suspension of the excavation
before the problematic section was planned and expected. It is
a section between chainage km 0.690-0.740 (marked red in Fig. 1)
where jet grouting was carried out in the first half of the year with
the objective to strengthen the whole critical section so that it was
possible to excavate the tunnel using blasting, with minimum
excavation round lengths of 3m. The total of 740 jet grouted
pillars 1500mm in diameter, 3560m long in total, were carried
out. According to the data obtained from cored boreholes, the
result of the grouting operations is best satisfactory, the effect of
the completed grouting will be confirmed only by the excavation,
which will enter the strengthened environment in February
2019.

The most problematic tunnel excavation in the area of
Skédrholmen was the excavation for tunnel ramp RT214, where
the problems with water inflows were replaced by problems with
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Obr. 1 Situace projektu FSE209 s barevné vyznacenym stavem raZeb k lednu 2019

Fig. 1 FSE209 project layout with the state as of January 2019 marked in colours

Nejvice zmén vSak zaznamenala razba tuneld hlavni trasy v ob-
lasti Sétra, a to v Cdsti prochdzejici pod jezerem Milaren, kde re-
alizacni dokumentace nebyla dopracovana do detaill zastihujicich
vSechny moZzné scénafe. Koncem roku 2017 proto investor, statni
organizace Trafikverket, vydal instrukci k preruseni razicich pra-
ci v tunelech hlavni trasy HT201 a HT202, zhruba ve staniceni
km 12,480, v misté zacatku potenciondlné komplikovaného useku
pod jezerem. JeSté v prosinci 2017 byl proveden dopliikovy geolo-
gicky priuzkum, spocivajici v jadrovych vrtech, provadénych v obou
tunelech hlavni trasy. Vrty dlouhé aZ 200 m vedené paralelné s osou
trasy potvrdily, Ze se v tseku nachdzeji poruchovd pasma vétsiho
rozsahu, nez s jakymi se pocitalo v ptivodni realiza¢ni dokumenta-
ci. Na zéklad¢ informaci, ziskanych dopliikovym geologickym prii-
zkumem, bylo prehodnoceno plivodni feSeni pro prekonani tseku
pod jezerem a pod vedenim projektanta Bjorna Stilleho byl v po-

geology having the form of significantly thick graphitic zones
complicating the drilling work and, first of all, the application of
steel fibre reinforced shotcrete. This face, unpopular among tunnel
workers, advanced only 60m in 2018. The summary of excavation
advance lengths achieved in 2018 is presented in Table 1.

The majority of changes were recorded during the excavation of
the main-route tunnels in the location of Sitra, in the part passing
under Lake Mailaren, where the original design had not covered
all details capturing all possible scenarios. For that reason the
state organisation of Trafikverket, the client, issued an instruction
to interrupt the tunnelling operations in the HT201 and HT202
main-route tunnels, approximately at chainage km 12.480, where
the potentially complicated section under the lake started. Still in
December 2017, a complementary survey lying in cored boreholes
was carried out in both main-route tunnel tubes. The boreholes, up

Tab. 1 Prehled vyraZenych metrii a objemu vytéZené rubaniny v jednotlivych tunelech v roce 2018
Table 1 Summary of excavation advance lengths and volumes of muck removed from individual tunnels in 2018

Vykony razeb v roce 2018
Tunnel excavation advance lengths in 2018

tunel RT211 RT212 RT213 RT214 HT201 HT202 BP1 BP2 ostatni
tunnel RT211 RT212 RT213 RT214 HT201 HT202 BP1 BP2 others
vyrazeno (m) 555 862 114 58 1305 1572 141 104 751
excavation advance lengths (m) 555 862 114 58 1,305 1,572 141 104 751
vytézeno (m?) 49 380 63 221 12 098 2069 170716 187 696 5585 3619 32683
volume of muck (m?) 49,380 63,221 12,098 2,069 170,716 187,696 5,585 3,619 32,683
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mérné kratké dobé stavajici projekt
doplnén o fesSeni pro nové zjistény
rozsah a charakter horninovych
tfid IV a V. Z dlvodu specialnich
technologii, které byly potiebné
pro dalsi postup razeb podle revi-
dovaného projektu, bylo casové
naro¢né razici prace znovu obno-
vit. Razby na tunelech hlavni trasy
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zmén v projektové dokumentaci
byla upravena i smlouva o dilo,
z jejihoZ rozsahu praci byla vynata
razba pasaze pod jezerem Mila-
ren. Pridce na tomto tseku byly
osetfeny smlouvou v rezimu Cost & Fee, coz znamena, Ze investor
se mnohem vice angazuje a spolupracuje s dodavatelem na ekono-
mickém fizeni projektu.

V kvétnu roku 2018 byly zapocaty také zemni prace a ukladani
potrubi vodovodni, kanalizacni a drendzni sité. Déle byly zahdjeny
betondz multikandlu pro kabeldZ v tunelu, instalace hydroizolace
v technologickych vyklencich a realizace betonovych konstrukci
v téchto vyklencich.

2. USEK POD JEZEREM MALAREN A STRUCNY POPIS
VYCHOZIHO PROJEKTOVEHO RESENI

Projekt FSE 209 zahrnuje ¢ast trasy obchvatu, mezi stani¢enimi
km 9,935 — km 13,955, pfi¢emz razba probihd soucasné ve dvou lo-
kalitach, jmenovité Skédrholmen ve stani¢eni km 10,500 a Sitra ve
staniceni km 12,250. Kazdy z hlavnich tuneld HT201 a HT202 je tak
mozné razit na Ctyfech celbach aZ do chvile proraZeni tuneld mezi
Skérholmenem a Sétrou. Po prordzce budou veskeré razici prace pro-
bihat v useku mezi Sétrou a severni hranici projektu, a to pouze na
dvou Celbach. Jakékoli zdrZeni v dseku mezi Sétrou a severni hranici
projektu (km 12,250 a km 13,955) tak bude mit pfimy dopad na ter-
min dokonceni raZeb a naslednych praci na definitivnim osténi.

Tab. 2 Charakteristické parametry klasifikace Q-systém v provedenych vrtech

Obr. 2 Puvodni progndza horninovych tiid v tiseku pod jezerem Milaren s vyznacenymi misty provedenych jadrovych
vrtit, seismického priizkumu a linie zmapované poruchové zony 201

Fig. 2 Original prognosis for rock quality classes in the section under Lake Mdlaren with locations of cored boreho-
les, seismic survey and lines of the mapped fault zone 201 marked in it

to 200m long, led in parallel with the route axis, confirmed that
fault zones with the extent larger than those expected in the original
design documents, are encountered in the section. The original
solution for overcoming the section under the lake was reconsidered
on the basis of the information obtained by the complementary
geological survey. The existing design was complemented under
the leadership of the designer, Bjorn Stille, in a relatively short
time, by a solution for the newly determined extent and character of
rock quality classes IV and V. For the reason of special technologies
required for the following excavation procedure according to the
revised design, it was a quite time-consuming operation to restart
the tunnelling again. The excavation in main-route tunnels HT201
and HT202 behind chainage km 12.480 again commenced in
summer 2018.

The contract was modified with respect to the significant extent
of changes in the design documents. The excavation of the section
under Lake Milaren was removed from the contractual scope
of works. The work on this section was solved by a Cost & Fee
contract, which means that the client is much more involved and
collaborates with the contractor on the economic management of
the project.

Table 2 Characteristic parameters of classification Q-system in the completed boreholes

RQD J, J J, Q..
délka (min/max, (min/max, (min/max, (min/max, (min/max,
vrt [m] median/prdmér) median/pramer) median/primer) median/pramer) median/pramer)
borehole length RQD J, J, J, -
[m] (min/max, (min/max, (min/max, (min/max, (min/max,
median/average) median/average) median/average) median/average) median/average)
10/100, 1/20, 1/4, 0,75/6, 0,3/120,
08F152K 41 82/75 3/5 3/2,6 22,4 15/19
08F152K 41 10/100, 1/20, 1/4, 0.75/6, 0.3/120,
82/75 3/5 3/2.6 2[2.4 15/19
10/100, 1/20, 0,5/4, 0,75/8, 0,1/300,
08F153K 56 72/64 6/8 22,5 22,5 5/44
08F153K 56 10/100, 1/20, 0.5/4, 0.75/8, 0.1/300,
72/64 6/8 2/2.5 2/2.5 5/44
10/100, 1/6, 0,5/4, 0,75/10, 0,8/533,
08F156K 289 84/79 6/6 22,5 22,2 10,7/29,5
08F156K 289 10/100, 1/6, 0.5/4, 0.75/10, 0.8/533,
84/79 6/6 2/2.5 2/2.2 10.7/29.5




28. rocnik - €. 2/2019

Pod jezerem Milaren trasa obchvatu prochézi prave touto kritic-
kou Casti, tj. v km 12,480 — km 12,720. JiZ vychozi projektova do-
kumentace predpoklddala v této 240 m dlouhé pasazi pod jezerem
nepiiznivé geologické podminky. Nachdzeji se zde prevdzné hor-
ninové tfidy IV, V a Castecné zmapovand poruchové zona, znacena
jako 201, jak je patrné z obr. 2. Podkladem pro tuto prognézu byly
tfi jadrové vrty do dna jezera, jejichZ pozice je rovnéZ vyznacena na
obr. 2, a dile seismické a geoelektrické profilovani pro lokalizaci
urovné skalniho podlozi. Data ziskana z priazkumnych vrti shrnuje
tab. 2.

Podle plivodni realiza¢ni dokumentace byla razba v tomto pro-
blematickém tseku vyznamé omezena opatfenimi, vyplyvajicimi
z vySe uvedenych predpokladanych geologickych podminek. V hor-
ninové tfidé IV se jednalo o prizkumné jadrové predvrty a vrtané
sondy do pfedpoli tunelu pro ovéreni kvality horninového prostredi
a vysky nadlozi, které nesmi byt mensi nezZ 15 m. Zprava inZenyr-
skogeologického prizkumu uvadi, Ze minimdlni vyska nadloZi je
25 m. Dal§im opatienim jsou 6 m dlouhé jehly, @ 32 mm, vrtané
pod thlem 20° do predpoli, v oblasti stropu kaloty a ¢astecné také
stén tunelu s osovou vzdélenosti 0,5 m. Kazda jehla bude osazena
tak, aby minimaln€ 0,5 m svorniku ¢nélo z vrtu. Vycnivajici Cast
svorniku bude ohnuta a pfikotvena k vyrubu. Jehlovani se provadi
pri kazdém zabéru, ktery je omezen na délku 3 m. Vyrub je v této
horninové tiidé Clenén na tzv. pilotni tunel, ktery mize byt 5-8 m
Siroky a naslednou dobirku do plného profilu. K zajisténi vyrubu
predepisuje projektovd dokumentace minimdlné 50 mm stiikané-
ho dratkobetonu a radidlni kotveni az 6 m dlouhymi SN kotvami.
V horninové tfidé V je dale upraveno jehlovani, které se provadi
ve stropé i sténdch tunelu, a to s mensimi rozestupy 0,3 m. Zabér
je zkracen na 2,5 m a pilotni tunel nesmi byt §irs$i nezZ 6 m. K za-
jisténi vyrubu slouZi kombinace stfikaného dritkobetonu, tloust-
ky minimdlné 100 mm, a radidlniho systémového kotveni v rastru
1,5%1,5 m, 6 m dlouhymi kotvami. Geotechnicky monitoring,
v podobé konvergencnich profili pro sledovani stability vyrubu, byl
pldnovan pouze v horninové tiidé V.

3. DOPLNKOVY PRUZKUM A NOVE PROJEKCNI RESENI

V prosinci roku 2017 se razby tuneld hlavni trasy HT201 a HT202
dostaly do stani¢eni km 12,480, kde byla stanovena hranice zacat-
ku pasédze pod jezerem Milaren. Z tohoto mista byly zahdjeny pri-
zkumné jadrové vrty v obou tunelovych troubéch.

V tunelu HT201 byl proveden jadrovy vrt v délce 201 m. Zhruba
od stani¢eni km 12,505 je mozZné pozorovat mokrou poruchovou
zénu, tvofenou zejména rozrusenym grafitem a kataklazitem, moc-
nou 30 m (obr. 3). Podobné rozrusené zony se v useku vyskytuji jesté
nékolikrat, pfi¢emz zbylé horninové prostedi
mezi nimi tvoii stfedné a silné rozpukana rula
s rizné frekventovanymi grafitovymi vrstva-
mi malé mocnosti, kolem kterych je obvykle
mozné pozorovat zvlhly vynos jadra. V tunelu
HT202 byl proveden 88 m dlouhy vrt, ktery
ve své délce zastihuje v podstaté totozné pod-
minky, pouze v mirné jinych stani¢enich. Na
zdklad€ té€chto vstupnich informaci byla pfi-
pravena revize projektu, jeZ bere v tivahu také
fakt, Ze se jednd o Casové kriticky usek. Inves-
tor se rozhodl, v pfedstihu pfed hlavnimi tune-
ly, vyrazit pod jezerem dvojici prizkumnych
tunelli, zvanych Bypass I a Bypass II (BP1
a BP2), a to po obou vnéjsich stranach tuneld
hlavni trasy. Tyto dva nové tunely maji nejen
funkci prizkumnou, ale jelikoz jsou to dila

Obr. 3 Vynos jddra prizkumného vrtu provedeného v tunelu hlavni trasy HT201 s vyznacenym pocdtkem
zhorSeného horninového prostredi

Fig. 3 Cores recovered from the exploratory borehole carried out in main-route tunnel HT201, with the
beginning of worsened rock environment marked in it

In May 2018, even earthworks, laying water pipelines, sewerage
and drainage pipes commenced. In addition, concreting of a multi-
duct for cabling in the tunnel, installation of waterproofing layers
in technical niches and execution of concrete structures in the
niches started.

2. SECTION UNDER LAKE MALAREN; BRIEF
DESCRIPTION OF INITIAL DESIGN SOLUTION

The FSE 209 project comprises a part of the bypass route
between chainages km 9.935-13.955, with the tunnel excavation
proceeding in two locations, namely Skédrholmen at chainage km
10.500 and Sitra at chainage km 12.250. Each of the main-route
tunnels, HT 201 and HT 202, can be driven from four faces until
the tunnels between Skidrholmen and Sitra are broken through.
After the breakthrough, all tunnelling operations will proceed in
the section between Sitra and the northern boundary of the project
only from two tunnel faces. Any delay in the section between Sitra
and the northern boundary of the project (chainage km 12.250 and
km 13.955) will have a direct impact on the date of the completion
of excavation and subsequent work on the final lining.

The bypass route runs under Lake Milaren right through this
critical part, i.e. between chainage km 12.480 —km 12.720. Already
the initial design documents expected unfavourable geological
conditions to be encountered in this 240m long section under the
lake. There are mainly rock classes IV and V there and a partially
mapped fault zone marked as 201, as obvious from Fig. 2. The
sources for this prognosis were provided by three cored boreholes
into the lake bottom, the positions of which are marked in Fig. 2,
and seismic and geoelectric profiling was carried out for locating
the bedrock level. The data obtained from the survey boreholes is
summarised in Table 2.

According to the original detailed design, the excavation in
this problematic section was significantly restricted by measures
following from the above-mentioned expected geological
conditions. In rock quality class IV they comprised exploratory
cored boreholes ahead of the excavation face and probes into the
face-advance core required for the verification of the quality of
rock environment and the overburden height, which must not be
smaller than 15m. The report on the engineering geological survey
states that the minimum height of the overburden amounts to 25m.
Another measure prescribes spilling — 6m long spiles 32mm in
diameter — to be drilled at 0.5m spacing into the advance core at
an angle of 20°, in the area of the top heading crown and partially
even into the tunnel sidewalls. Each spile will be installed with
at least 0.5m of the bolt length protruding from the borehole.
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Obr. 4 Vrtné schéma prizkumnych a injekcénich vrtii
Fig. 4 Drilling pattern for exploratory and grouting boreholes

vyrazn€ mens$iho profilu a do¢asného charakteru, nejsou z pohledu
razby tak Casov€ naro¢nd. Prizkumné tunely maji tedy poskytnout
dostatek informaci pro pribéznou optimalizaci razeb tunell hlavni
trasy a zejména umoznit co nejrychlejsi pokracovani razeb a nésled-
nych praci na definitivnim osténi za jezerem Milaren.

Prizkumné tunely jsou projektovany tak, Ze jejich dno je vedeno
0 2 m niZe, neZ dno hlavnich tunell a horninovy pilif mezi hlavnim
a prizkumnym tunelem je 11,4 m Siroky. Jednd se o tunely s profi-
lem 42,5 m?, dlouhé 285 m, v pfipadé BP1 a 252 m v ptipadé BP2.
Soucasti razby prizkumnych tuneld je kontinudlni zkouméni pred-
poli a nadlozi tunelu pomoci 18 m dlouhych prizkumnych vrti,
vrtanych skrze uzaviratelny ventil, kterym je v pfipadé potieby
mozné zastavit pritoky vody do tunelu. Tyto prazkumné vrty jsou
soucasti v&jife tésnici injektdze, jedna se tedy zarovenl o vrty pro
utésnéni predpoli, tzv. pregrouting (obr. 4). Ve vrtech se provadi
méfeni pfitoku vody, které je rozhodujici pro zpisob provadéni na-
slednych injekénich praci. Je-li naméfen pritok mensi nez 50 I/min,
provede se injektaz prvniho véjite té€snici clony injekéni smési na
bazi cementu s vodnim soucinitelem 0,7 (pozn. projekt predepisuje
tfi receptury, a to s vodnim soucinitelem 0,85, 0,7 a 0,6). Nasleduje
vrtani druhého tésniciho véjite, jehoZ vrty jsou vrtany bliZze k vyru-
bu tunelu. Poté injektdZ pomoci smési ¢. 1 s vodnim soucinitelem
0,85. Tésnost masivu se nakonec ovéruje kontrolnimi vrty, v nichz
je provedena vodni tlakova zkouSka, tzv. Lugeon test (Lugeoniv
koeficient je definovan jako absorpce vody métrené v litrech na metr
testovaného vrtu za minut pii tlaku 1 MN/m?). Injek&ni prace se
povazuji za uspésné, je-li v kontrolnich vrtech naméfena hodnota
Lugeonu mensi nez 0,2. V situaci, kdy je v prizkumném vrtu na-
méfen pritok vétsi nez 50 1/min, se v prvnim kole injek¢nich praci
pouziva smés €. 3, s vodnim soucinitelem 0,6. Po dokonceni prvni-
ho kola se ovéfuje tcinek injek¢nich praci vodni tlakovou zkous-
kou v kontrolnim vrtu. V druhém kole injek¢nich praci se pouziva
smés ¢. 2. Po dokonceni druhého kola se opét vrtd kontrolni vrt
a provadi se Lugeon test. Pro pfipady extrémnich pfitoki, ¢i neu-
¢inné injektdZe pomoci cementovych injek¢nich médii, je pripra-
vena chemicka injektaZ dvouslozkovou polyuretanovou pryskyfici
CarboPur WF. Veskeré vrty pro injekéni prace jsou vyuZivany ke
sbéru MWD dat (Measurement While Drilling), kterd slouzi jako
dopliiujici néstroj geologa pro klasifikaci horninového prostiedi.
Grafické znazornéni MWD dat je zobrazeno na obr. 5, kde je mozné
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The protruding part of the bolt will be bent and anchored to the
excavation surface. The spillings carried out at each excavation
round, the length of which is limited to 3m. The excavation
sequence for this rock quality class is divided into the so-called
pilot tunnel, which can be 5-8m wide, and subsequent completion
of the excavation to the full profile. The design documents prescribe
a 50mm thick layer of steel fibre reinforced shotcrete and radial SN
anchors up to 6m long to support the excavation. In rockclass V, the
installation of spiles is prescribed for the tunnel roof and sidewalls,
with the spacing of spiles reduced to 3m. The excavation round
length is reduced to 2.5m and the pilot tunnel must not be wider
than 6m. The excavation support is provided by a combination of
steel fibre reinforced shotcrete at least 100mm thick and systematic
radial anchoring using 6m long anchors installed on a 1.5x1.5m
grid. Geotechnical monitoring in the form of convergence stations
for monitoring of the excavation stability was planned only for
rock class V.

3. SUPPLEMENTARY GEOLOGICAL SURVEY
AND NEW DESIGN SOLUTION

In December 2017, the excavation of main-route tunnels HT201
and HT202 arrived at chainage km 12.480, where the border of
the section under Lake Milaren was determined. The work on
the exploratory cored boreholes started from that location in both
tunnel tubes.

A 201m long cored borehole was carried out in HT201 tunnel.
It is possible approximately from chainage km 12.505 to observe
a 30m thick wet zone formed first of all by disintegrated graphite
and cataclasite (see Fig. 3). Similarly disintegrated zones occur
repeatedly in this section, with the remaining rock environment
formed by medium and heavily fractured gneiss with variously
frequented small thickness graphite layers around which itis usually
possible to observe wetted recovered core. An 88m long borehole
was carried out in the HT202 tunnel. It encounters in essence
identical conditions within its length, only in slightly different
chainages. A revision of the design was prepared on the basis of
this input information. It even takes a fact into consideration that

pevnost horniny  rock strength

Rock strenght
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40

Obr. 5 Grafickd prezentace MWD dat vSech vrtii v pasdzi pod jezerem Mdilaren,
pricnou zelenou carou je naznacena pozice celby v jednotlivych tunelech v lis-
topadu 2018

Fig. 5 Graphic presentation of MWD data from all boreholes in the section
under Lake Mdlaren; the locations of tunnel faces in individual tunnels in

November 2018 are marked by transverse lines
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Obr. 6 Clenéni vyrubu tunelu hlavni trasy v tiseku pod jezerem Miilaren,
v horninové tridé IV

Fig. 6 Excavation sequence for main-route tunnel in the section under Lake
Madilaren in rock quality class IV

porovnat barevné odliSenou kvalitu horninového prostredi na Skéle
barev od modré po Cervenou, kde modra predstavuje zdravé skalni
prostredi.

Razba prizkumného tunelu v prostfedi horninové tiidy I az IV
probiha pod ochranou 8 m dlouhych jehel, @ 32 mm, osové vzdale-
nych 0,5 m. Ty jsou instalovany do stropu tunelu po kazdém zabéru.
Razi se na cely profil dila a zdbér je omezen na 3 m. Po kazdém
kroku je vyrub zajistén 100 mm stfikaného dratkobetonu a systé-
movymi PC kotvami, délky 3 m, v rastru 1 x2 m. V horninové tfidé
V jsou jehly nahrazeny lehkym mikropilotovym deStnikem, vrta-
nym po celém obvodu tunelu. Jedna se o systém Ischebeck TITAN
73/45, délky 15 m. Razba kaloty probihd v pfedstihu 10 m pred
dnem, pfi¢em? zabér je dlouhy 3,3 m. Celba kaloty je kontinualné
stabilizovana deseti ¢elbovymi kotvami, dlouhymi 15 m, vrtanymi
ve tfech fadach. Vyrub je zajistén po kazdém zabéru SOmm vrst-
vou stiikaného dratkobetonu, na kterou jsou instalovany armovaci
sit¢ NKSOOAB 8150 (betonarska, Zebirkova vyztuz s mezi kluzu
500 MPa, 8 mm prut, oko 150 150 mm). Néasleduje druhd vrst-
va stiikaného betonu a systémové kotveni PC kotvami délky 3 m.

8
i8 kalota
top heading
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Obr. 7 Clenéni vyrubu tunelu hlavni trasy v tseku pod jezerem Miilaren,
v horninové tride V

Fig. 7 Excavation sequence for main-route tunnel in the section under Lake
Milaren in rock quality class V

it is a section critical in terms of time. The client decided to drive
a couple of exploratory tunnels under the lake, in advance of the
main-route tunnels, named Bypass I and Bypass II (BP1 and BP2),
running along both external sides of the main-route tunnels. The
new tunnels have not only the exploratory function, but they are not
as demanding in terms of the excavation time because their cross-
sections are smaller and they only have temporary meaning. The
exploratory tunnels are therefore required to provide information
sufficient for continual optimisation of the excavation of the
main-route tunnels and, first of all, to allow for as fast as possible
continuation of the excavation and subsequent work operations on
the final lining beyond Lake Milaren.

The design of the exploratory tunnels requires that their
bottoms are by 2m lower than the bottoms of the main-route
tunnels and the rock pillar between the main-route tunnel and the
exploratory tunnel is 11.4m wide. The cross-sectional area of the
tunnels amounts to 42.5m?, their lengths amount to 285m in the
case of BP1 and 252m in the case of BP2. The excavation of the
exploratory tunnels comprises continual exploration of the face-
advance core and the tunnel overburden by means of 18m long
exploratory holes drilled through a blow out preventer, by which it
is possible to stop water inflows into the tunnel if necessary. The
exploratory boreholes are parts of a grouting fan, it means that they
at the same time fulfil the function of sealing the face-advance
core, the so-called pre-grouting (see Fig. 4). The water inflow rates
are measured in the boreholes. They are crucial for the procedure
as far as the subsequent grouting operations are concerned. If the
inflow rate is lower than S0L/min, the first fan of grouting screen
is carried out using cement grout with the cement-water ratio of
0.7 (note: the design prescribes three formulae with water-cement
ratios of 0.85, 0.7 and 0.6, respectively). Drilling for the second fan
follows. The holes are drilled closer to the tunnel excavation profile.
Subsequently grouting mix No. 1 with the water-cement ratio of
0.85 is applied. The tightness of the rock mass is finally verified by
control boreholes, in which the hydraulic test, the so-called Lugeon
test, is carried out (Lugeon coefficient is defined as absorption of
water measured in litres per metre of the borehole being tested
per minute at the pressure of IMN/m?). A grouting operation is
considered to be successful when the Lugeon value measured in
the control boreholes is lower than 0.2. In a situation where the
inflow rate measured in the exploratory borehole is higher than
50L/min, grouting mix No. 3 with the water-cement ratio of 0.6 is
used in the first round of the grouting operation. After completion
of the first round, the effect of the grouting operation is verified
by a hydraulic pressure test in the control borehole. Mixture No. 2
is used in the second round of the grouting operation. After the
second round is completed, a control hole is again drilled and the
Lugeon test is carried out. Chemical grouting with CarboPur WF
two-component polyurethane resin is prepared for cases of extreme
inflow rates or grouting with cement grouting media ineffective. All
boreholes for grouting purposes are used for collecting MWD data
(Measurement While Drilling), which is used as a supplementary
tool of the geologist for rock mass classification. Graphical
presentation of the MWD data is in Fig. 5, where it is possible to
compare the rock environment quality distinguished on a scale of
colours ranging from blue up to red, where blue colour represents
sound rock environment.

The exploratory tunnel is driven through an environment formed
by rock quality classes I through to I'V, under the protection provided
by 8m long spiles 32mm in diameter, spaced at 0.5m. The spiles
are installed into the tunnel roof after each excavation round. The
full-face excavation round length is limited to 3m. After each step,




PC kotvy jsou mechanicky upinané injektovatelné svorniky, pfi-
¢emz PC predstavuje obchodni oznaceni vyrobce (Pretec Combi-
nation). Soucasti razby prizkumnych tuneli je méfeni konvergenci.
V tseku pod jezerem budou v kazdém prizkumném tunelu osazeny
Ctyfi konvergencni profily, a to ve vzdalenostech 60 m. Prvni varov-
ny stav v horninové tfidé V nastava, dosahne-li pretvoreni ve stropé
2 mm, nebo 15 mm ve st€né tunelu.

Razba tunell hlavni trasy, stejn€ jako u prizkumnych tuneld, za-
¢ind prizkumnymi vrty a tésnici injektazi predpoli. Cely proces je
analogicky s prizkumnymi tunely. Prace se 1iSi pouze v poctu pri-
zkumnych, injek¢nich a kontrolnich vrti a provedenych kontrolnich
zkousek, coZ je dano plochou profilu tunelu hlavni trasy, dosahujici
175 m2 V horninovych t¥idach IV a V, které jsou predpokladané
v celé délce useku, je v tunelech hlavni trasy vyprojektovan 15 m
dlouhy mikropilotovy deStnik, sestavajici z 65 mikropilot, rozméru
10/139,7 (10 mm tloustka stény piloty, @ piloty 139,7 mm), oso-
vé vzdélenych 0,5 m, vrtanych do stropu i stén tunelu. V hornino-
vé tfidé IV je nejdiive vyraZen pilotni tunel, Siroky a vysoky 6 m,
v délce 10 m a nasledné je v 2,5m zabérech tunel nadvakrat vyra-
Zen do plného profilu, jak je patrné z obr. 6. Vyrub je po kazdém
zabéru stabilizovan 200 mm stiikaného dratkobetonu, aplikované-
ho ve ¢tyfech 50 mm vrstvach, na které jsou postupné instalovany
dve vrstvy vyztuzovacich siti NKSO00AB 8150 a radidlni SN kotvy
dlouhé 5 m, v rastru 1x2 m. V horninové tfidé V je vyrub jesté
vice ¢lenény, jak je zobrazeno na obr. 7. V horSich geologickych
podminkach miZe byt kalota rozd€lena aZ na tfi ¢asti. Opéfi je vzdy
rozdéleno na tfi Casti, pficemz jeho stfedova ¢ést, dlouhd 4 m, je
ponechavéna jako pritéZovaci prvek, stabilizujici ¢elbu. Stejné jako
u prizkumnych tuneld je ¢elba kaloty zajiSténa 15m samozavrtnymi
kotvami (Ischebeck Titan), vrtanymi kazdych 10 m. Prvky zajis-
téni stén a stropu jsou totozné jako v horninové tridé IV. Kromé
sedmi profild pro méfeni konvergenci je geotechnicky monitoring
v tunelu doplnén o inklinometrické a extenzometrické méfent,
kterd budou soucasti prvnich dvou navrtanych mikropilotovych
destnika.
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the excavation is supported by a 100mm thick layer of steel fibre
reinforced shotcrete and 3m long systematic PC anchors installed
on a 1x2m grid. In rock quality class V, spiles are replaced by
light-weight pipe roof umbrella installed around the whole tunnel
circumference. It is the Ischebeck TITAN 73/45 system 15m long.
The top heading excavation proceeds in an advance of 10m ahead
of the bottom excavation; the excavation rounds are 3.3m long. The
top heading excavation face is continually stabilised by ten 15m
long core-face anchors installed in three rows. The excavation is
supported after each round by a 50mm thick layer of steel fibre
reinforced shotcrete and welded mesh NK5S00AB 8150 (concrete
reinforcement deformed bars with the yield strength of S00MPa,
8mm in diameter; 150x150mm meshes). The second shotcrete
layer and systematic anchoring using 3m long PC anchors follows.
The PC anchors are mechanically expanded groutable rock bolts,
where PC represents manufacturer’s commercial marking (Pretec
Combination). Measurement of convergences is also part of the
excavation of the exploratory tunnels. In the section under the lake,
four convergence stations will be installed in each exploratory
tunnel at intervals of 60m. The first alert level in rock quality class
V takes place when the deformation in the roof and the tunnel
sidewall reaches 2mm and 15mm, respectively.

Driving the main-route tunnels, as well as driving the exploratory
tunnels, starts by exploratory boreholes and grouting into the face-
advance core. The whole process is analogous to the exploratory
tunnels. The work operations differ only in the quantity of
exploratory, grouting and control boreholes and the numbers of
control tests. It is given by the area of the cross-sectional area
of the excavation of the main-route tunnels reaching 175m?. In
rock quality classes IV and V, which are expected throughout the
length of the section, 15m long pipe roof umbrella consisting of 65
pieces of 10/139.7 tubes (10mm thick walls, 139.7mm in diameter)
installed into the tunnel roof and sidewalls at 0.5m spacing). In
rock quality class IV, a pilot tunnel is driven first. It is 6m wide and
6m high, 10m long. The excavation is subsequently enlarged to the
full profile in two steps with the excavation rounds 2.5m long (see
Fig. 6). After each advance the excavation is stabilised by a 200mm
thick layer of steel fibre reinforced shotcrete, which is applied in

four 50mm thick layers, with two

layers of NKS00AB 8150 welded
mesh gradually fixed to them
and 5m long radial SN anchors
installed on a 1x2m grid. In rock
quality class V, the excavation
sequence is longer (see Fig. 7).
In worse geological conditions

6,0

&
=]

-10,0

zména délky [mm]
lenght change [mm]

12,0

-14,0

-16,0

-18,0

the top heading can be divided
even into three parts. The bench
is always divided into three parts,
with its 4m long middle part left
in place as a surcharging element
stabilising the excavation face.
As in the case of the exploratory
tunnels, the top heading excavation
face is supported with 15m long
self-drilling anchors (Ischebeck
Titan), installed after completion

-20,0
datum méfeni [YY/MM/DD]
date of measurement [YY/MM/DD]

of each 10m long excavation. The
elements of the support of the
sidewalls and the roof are identical

— L —12

Graf 1 Pribéh konvergenénich méfeni v tunelu BPI ve stani¢eni km 0,070

Graph 1 History of convergence measurements in BPI tunnel at chainage km 0.070

with those applied in rock quality
class IV. In addition to seven
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Obr. 8 Vrtdni mikropilotového destniku v tunelu hlavni trasy HT201
Fig. 8 Drilling for pipe roof umbrella in main-route tunnel HT201

4. ZAHAJENI RAZEB POD JEZEREM PODLE REVIDOVANE
PROJEKTOVE DOKUMENTACE

Prace na razbach priizkumnych dél podle novych podkladd byly
zahdjeny v 1ét€ roku 2018, kdy byl navrtdn prvni mikropilotovy
destnik typu Ischebeck v prizkumném tunelu BP1. K vrtani mik-
ropilot bylo pouZito jednolafetové vrtné soupravy Klemm 806-3, se
kterou bylo v malém prostoru priizkumného tunelu vrtani obtiZné.
Trvalo nékolik tydnd, neZ se podarfilo odstranit prvotni problémy,
napf. najit vhodnou vrtnou korunku ¢i zajistit neustdly geodetic-
ky servis pro navigaci vrtani. Nakonec se vykony vrtani ustalily
na Ctyfech mikropilotach za den a podafilo se najit dobry rytmus
mezi razbou a vrtanim mikropilot, takZe bylo mozné témér plynule
operace stiidat mezi prizkumnymi tunely BP1 a BP2, a to pfibliz-
né kazdé dva tydny. V obou prizkumnych tunelech byly navrtany
tfi kompletni mikropilotové destiky, pomoci kterych razba prosla
tvodni 30 m dlouhou oslabenou zénou. Za stani¢enim km 0,091
v BP1 a km 0,053 v BP2 se horninové prostredi postupné zleSovalo
a bylo proto mozné, ve shodé s projektovou dokumentaci, ubirat
vyztuze a zrychlovat razbu. ZlepSeni je patrné také ze ziskanych
MWD dat, prezentovanych na obr. 5. Diky tomu, Ze investor rych-
le reagoval na skutecné zastiZené geologické podminky, se béhem
poslednich Sesti mésicti zptisob razby pruzkumnych dél, ve spolu-
préci s projektantem, pomérné znatelné zoptimalizoval. Napriklad
byla upravena kritéria injek¢nich praci tak, aby bylo v prokazatelné
tésném horninovém prostfedi mozno upustit od druhého kola injek-
tazi. Dale byl prodlouZen zabér na 4 m a v horninové tiidé¢ lepsi nez
1V jiZ nebylo nutné instalovat jehly. VSechna tato opatieni zrychlila
postupy razeb v priméru o 3 m tydné. Konvergenc¢ni méfeni v obou
prazkumnych dilech ukazuji, Ze prostfedi na razbu reaguje podle
predpokladl projektanta, a to i po prijeti vySe popsanych opatfeni.
Na grafu 1 je zndzornén pribéh konvergencnich méfeni v tunelu
BP1, ve stani¢eni km 0,070, kde jsou osazeny tfi métické body. Ten-
to konvergencni profil se nachazi v prvni tfetiné¢ poruchové zony,
kterd byla raZena nejdiive v kaloté. Koncem zari 2018 bylo v téch-
to mistech dobrano dno tunelu, coZ je mozné v grafu pozorovat
skokovou zménou relativni délky mezi v§emi body. Bylo dosaZeno
hranice prvniho varovného stavu (strop — 2 mm, stény — 15 mm)
a ve stropé nasledné i druhého varovného stavu (strop — 4 mm, sté-
ny — 25 mm). S postupem celby se konvergence postupné uklidiio-
valy. Podobny vyvoj byl zaznamenén také v tunelu BP2, kde vSak

convergence measurement stations, the geotechnical monitoring
in the tunnel is supplemented by inclinometer and extensometer
measurements which will be parts of the initial two pipe roof
umbrella rounds.

4. COMMENCEMENT OF TUNNELLING
UNDER THE LAKE ACCORDING TO REVISED
DESIGN DOCUMENTS

The work on the excavation of exploratory workings according
to the new design documents commenced in summer 2018, when
drilling for the first Ischebeck pipe roof umbrella was carried out in
the exploratory tunnel BP1. Boreholes for the pipe roof umbrella
were carried out using a Klemm 806-3 single-boom drilling rig. Its
operation in the small space of the exploratory tunnel was difficult.
It took several weeks before the initial problems, for example
finding a suitable drill bit or ensuring permanent geotechnical
service for the navigation of drilling operations, were removed.
Finally the drilling performance stabilised on four micropiles per
day and a good rhythm between the excavation and drilling for
the micropiles was successfully found. It was therefore possible
to alternate the operations between the exploratory tunnels BP1
and BP2 nearly fluently, approximately every two weeks. Drilling
for three complete pipe roof umbrella sets was carried out in both
exploratory tunnels. The excavation passed under this protection
through the initial 30m long weakness zone. Behind chainage
km 0.091 in BP1 and km 0.053 in BP2 the rock environment
gradually improved and it was therefore possible, in compliance
with design documents, to reduce the support and accelerate the
excavation. The improvement is even obvious from the MWD
data presented in Fig. 5. Owing to the fact that the client quickly
responded to the actually encountered geological conditions, the
process of excavation of the exploratory workings was relatively
noticeably optimised in collaboration with the designer during the
last six months. For example, the criteria for grouting operations
were modified so that it was possible in the provably tight rock
environment to eliminate the second round of grouting.

In addition, the excavation round length was extended to 4m
and, in rock quality class better than IV, it was no more necessary
to install the spiles. All those measures accelerated the weekly
advance rates by 3m on average. Convergence measurements in
both exploratory tunnels indicate that the environment responds
to the excavation in compliance with designer’s assumptions even
after the implementation of the above-mentioned measures. The
history of convergence measurements at chainage km 0.070, where
three convergence measurement points are installed, is presented
in Graph 1. This convergence station is located in the first third
of the fault zone, where the excavation started in the top heading.
At the end of September 2018, the tunnel bottom excavation
was finished, which fact can be seen on the graph in the form of
a step change in relative distances between all points. The first
warning level was reached (roof — 2mm, sidewalls — 15mm) and
subsequently the second warning level was reached in the roof
(roof —4mm, sidewalls —25mm). The convergences were gradually
stabilised with the excavation face advancing. Similar development
was recorded also in tunnel BP2, where the deformation values
exceeded only the first warning level.

The work on the main-route tunnels commenced a little later. The
reason was that it was not easy to find a sub-contractor in Sweden
which would be able to drill for a canopy tube pre-support with the
required parameters. In agreement with the client, a contract was
concluded with the Czech company Zakladéni staveb a. s., which
mobilised itself very quickly and drilled for the first pipe roof



hodnoty pretvoreni prekrocily pouze hranici prvniho varovného
stavu.

V hlavnich tunelech byly prace zapocaty o néco pozdéji. Nebylo
totiz snadné najit ve Svédsku subdodavatele, ktery by byl schopen
navrtat mikropilotovy destnik pozadovanych parametri. Po dohodé
s investorem byla podepsdna smlouva s ¢eskou spolecnosti Zakla-
dani staveb a.s., kterd se velice rychle zmobilizovala a v zari 2018
navrtala prvni deStnik v tunelu hlavni trasy HT201. K vrtani vyu-
Ziva upravenou vrtnou soupravu Casagrande PG185, se kterou béz-
né navrta 5—-8 mikropilot za den (obr. 8). JelikoZ se razba hlavnich
tuneld stale nachazi v poruchové zoné, jsou postupy velice poma-
1é a z pohledu optimalizaci je v hlavnich tunelech investor zatim
opatrny. Doposud zaznamenané odchylky od projektu tuneld hlavni
trasy prevazné vyplynuly z technickych moZnosti stroji a maji mi-
nimalni vliv na rychlost raZeb.

5. ZAVER

Razba tuseku pod jezerem Milaren byla z pohledu celého projek-
tu, jiz ve fazi pripravy nabidky, identifikovana jako velice riziko-
va. I presto, ze byly komplikace v tomto tseku predpokladané, je
rozsah zmén natolik zdsadni, Ze bez rozumného pfistupu investora
by pokraCovani v realizaci projektu bylo nemozné. Pro razbu pod
jezerem byl ve spolupraci s investorem vytvofen separatni projek-
tovy tym, sestaveny nové razi¢ské osadky a strojni sestava vénuji-
ci se pouze témto Ctyfem Celbam. Byly dohodnuty nové smluvni
podminky, které se snazi kompenzovat ztratu efektivity ptivodnich
zdroji a plné kompenzuji ndklady na probihajici razbu pod jeze-
rem. V pfipad€ jezera Milaren je vidét snaha investora nastalou
zménou minimdlné zatiZit dodavatele. Zejména piinosny je pravi-
delny dialog s projektantem, ktery dobfe vnima problémy stavby
a kontinudlné se snazi po dohod¢€ se vS§emi ucastniky své feSeni pri-
zpusobovat aktudlnim podminkam. Pravé diky prubéZznym tGpravam
projektu se podafilo v priizkumnych tunelech BP1 a BP2 vyrazit
141 m a 104 m. D4 se predpoklddat, Ze po dokonceni priizkumnych
dél bude snaha zoptimalizovat také projekt razby tuneld hlavni trasy
a minimalizovat tak casovou ztratu a zvysené naklady na dokonce-
ni projektu. V tunelech hlavni trasy HT201 a HT202 bylo k lednu
2019 vyrazeno 17 a 10 m.

Dulezitym milnikem projektu FSE209 v roce 2019 je planovana
prorazka tunelil hlavni trasy mezi Skdrholmenem a Sitrou a dokon-
¢eni prvniho prizkumného tunelu pod jezerem Milaren. Z pohledu
dcefiné spolecnost Subterra a.s., SBT Sverige AB, je duleZitych
milnikid v roce 2019 o néco vice, jelikoZ v prvnim kvartalu zapoc-
nou prace na nové vysoutézeném projektu pristupového tunelu Ved-
desta pro rozsiteni linky stockholmského metra do méstské casti
Barkarby.

Ing. TOMAS NEMECEK, tnemecek@subterra.cz,
Subterra a.s., SBT Sverige AB
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umbrella in the HT201 main-route tunnel in September 2018. The
company uses a modified Casagrande PG185 drill rig, with which
drilling for 5-8 boreholes is commonly performed per day (see Fig.
8). Because of the fact that the excavation of the main-route tunnels
is still found in the fault zone, the excavation advance proceeds
very slowly and, from the aspect of optimisations, the client is
for the time being careful in the main-route tunnels. The so far
recorded deviations from the main-route tunnels design followed
from technical capacity of the machines. Their influence on the
excavation advance rate is minimal.

5. CONCLUSION

From the aspect of the whole project, tunnelling in the section
under Lake Milaren was identified as very risky already in
the phase of the preparation of the tender. Despite the fact that
complications were expected in this section, the extent of changes
is so crucial that it would be impossible to continue the project
realisation without reasonable approach of the client. A separate
project team was established in collaboration with the client for the
excavation under the lake; new tunnelling crews were formed and
a machinary park devoted solely to the above-mentioned four faces
was provided. New contractual conditions were agreed which try
to compensate for the loss of effectiveness of original resources
and fully compensate for the costs incurred during the excavation
under the lake. Client’s effort to put the burden accompanying the
necessary changes on the contractor as little as possible can be seen
in the case of Lake Milaren. First of all the regular dialogue with
the designer is beneficial. The designer well senses problems of the
construction and continually tries to adapt the solution to current
conditions after it is approved by all participants in the construction.
It was just thanks to continual modification of the design that 141m
of excavation in exploratory tunnel BP1 and 104m in tunnel BP2
were successfully finished. It is possible to expect that, after the
completion of the exploratory tunnels, there will be an effort to
optimise even the design for the excavation of main-route tunnels,
thus to minimise the loss of time and the increased costs required
for the completion of the project. As of January 2019, 17m and
10m of the main-route tunnels HT201 respectively HT202 were
excavated.

An important milestone of the FSE209 project in 2019 lies in
the planned breakthrough of them main-route tunnels between
Skdrholmen and Sitra and the completion of the first exploratory
tunnel under Lake Malaren. From the point of view of SBT Sverige
AB, a daughter of Subterra a. s., there are little more milestones in
2019 because of the fact that the work on the newly won project
for the Veddesta access tunnel for the extension of the Stockholm
metro line to the municipal district of Barkarby will start in the first
quarter.

Ing. TOMAS NEMECEK, tnemecek@subterra.cz,
Subterra a.s., SBT Sverige AB
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TUNEL MILOCHOV — PREDPOKLAD PROJEKTU A SKUTECNOST
MILOCHOV TUNNEL - DESIGN ASSUMPTIONS AND REALITY

PETR VELICKA, JIRI MATEJICEK

ABSTRAKT

Tunel Milochov je soucdsti modernizace Zeleznicni traté Piichov — Zilina, urcené pro tratovou rychlost do 160 km/h. Jednd se o dvou-
kolejny jednotubusovy tunel, jeho celkovd délka vcetné hloubenych portdlovych cdsti je 1861 m. Soucdsti tunelu je i tinikovd Stola délky
266,5 m, kterd je situovdna priblizné v poloviné tunelu kolmo k jeho ose a uisti v obci Horny Milochov. Béhem hloubent a zajistovdni vy-
chodniho portdlu tunelu Milochov byly zastiZeny zeminy s horsimi geotechnickymi parametry, neZ predpoklddal piivodni projekt. Z tohoto
diivodu byla vypracovand optimalizovand projektovd dokumentace na zajisténi Cela stavebni jamy a predpoli raZby tunelu pomoci tryskové
injektdze. Ndsledné byla projektantem prepracovdina také projektovd dokumentace pro pocdtecni lisek razby z vychodniho portdlu. Cldnek
popisuje zkuSenosti z dosavadni vystavby tunelu a rozdily mezi piivodnim projektem a nové navrZenym, skutecné realizovanym reSenim.

ABSTRACT

The Milochov tunnel is part of the project for modernisation of the Piichov — Zilina railway line designed for the speed limit over the track
up to 160km/h. It is a double-track single-tube tunnel, the length of which including cut-and-cover parts amounts to 1861m. A 265m long
escape gallery located approximately in the middle of the tunnel, starting perpendicularly to its centre line and ending in the municipality
of Horny Milochov, is part of the tunnel. Soils with worse geotechnical parameters than expected by the original design were encountered
during excavation and stabilisation of the construction pit for the eastern portal. For that reason an optimised design was created for
stabilising the front face of the pit and the front zone of the tunnel excavation by jet grouting. The designer subsequently redeveloped the
design for the initial section of the tunnel excavation from the eastern portal. The paper describes the experience from the so far completed

construction of the tunnel and the differences between the original design and the newly designed solution being implemented.

uvob

V soucasné dobé jsou na tzemi Slovenské republiky realizova-
ny dva Zelezni¢ni tunely — tunel Diel a tunel Milochov. Oba tyto
tunely jsou soucasti modernizace Zelezni¢ni traté Pichov — Zilina,
navrzené pro tratovou rychlost do 160 km/h. Zhotovitelem stavby je
sdruZeni firem Doprastav, a.s., Subterra a.s., TSS Grade a.s. a Elek-
trizace Zeleznic Praha a.s. Zhotovitelem stavebni ¢asti tunelu Milo-
chov je Subterra a.s., Divize 1. Generalnim projektantem stavby je
firma REMING CONSULT a.s.

Tunel Milochov se skldda celkem ze Ctyt hlavnich stavebnich ob-
jekti — vychodni portél, zdpadni portal, tnikova Stola a tunelova
trouba.

Traf prochazi tunelem ve dvou pravych smérovych obloucich
o polomérech 1550 m, respektive 1425 m. Niveleta traté smérem
od zapadniho portalu stoupa ve sklonu 4,0 %o na cca tfetiné délky
tunelu a dale klesa 5,9 %o smérem k vychodnimu portalu.

Celkova délka tunelu v¢etné hloubenych casti je 1861 m, z toho
razend ¢ést je dlouhd 1770 m. Hloubend ¢ast z vychodniho portalu
je dlouhd 71 m a ze strany zapadniho portdlu 20 m.

Razba tunelu byla navrzend podle zasad NRTM. V zavislosti na
interpretaci vysledkd inZenyrskogeologického prizkumu bylo v za-
déavaci projektové dokumentaci navrZzeno celkem pét technologic-
kych tfid vyrubu (tiidy II, III, IV, Va a Vb). Zplisob razby je navr-
Zen jako konvenc¢ni — cyklicky, se strojnim rozpojovanim horniny,
v pevnéjsich horninach s pomoci trhacich praci.

Teoreticky profil vyrubu v dosud realizovanych technologickych
tiidach je v rozmezi 135 m? (profil v tskoku za navrtnymi body
mikropilotového destniku) az 160 m? (rozifeni profilu pro navrtné
body mikropilotového destniku).

Osténi razené ¢asti tunelu je navrzeno jako dvouplastové — primar-
ni a sekundérni osténi s mezilehlou destnikovou izolaci a rubovou
drendZi. Primarni osténi je tvofeno stfikanym betonem s ocelovymi
svarovanymi sitémi a piihradovymi rdmy a dal§imi zajiStovacimi

INTRODUCTION

Two railway tunnels, the Diel and the Milochov, are currently
under construction in the Slovak Republic. Both tunnels are parts
of the modernisation of the Piichov — Zilina railway line designed
for the speed limit of 160km/h. The consortium consisting of
Doprastav, a.s., Subterra a.s., TSS Grade a.s. and Elektrizace
Zeleznic Praha a.s. is the contractor for the civil engineering part
of the Milochov tunnel. REMING CONSULT a.s. is the general
consulting engineer (the designer).

The Milochov tunnel consists of four main construction objects
— the eastern portal, western portal, escape gallery and tunnel tube.

The track passes through the tunnel on two right-hand directional
curves with the radii of 1550m and 1425m, respectively. The
vertical alignment ascends from the western portal at the gradient
of 4.0%o along approximately one third of the tunnel length. Further
on, it descends at 5.9%o towards the eastern portal.

The total length of the tunnel, including cut-and-cover parts,
amounts to 1861m, of which the mined part takes 1770m. The cut-
and-cover parts at the eastern and western portal are 71m and 20m
long, respectively.

The tunnel excavation was designed in compliance with the
NATM principles. Five excavation support classes (classes II, III,
IV, Va and Vb) were proposed in the tender design, depending on
the interpretation of results of the engineering geological survey.
A conventional — cyclical tunnelling process is designed, with
mechanical disintegration of rock, using blasting in harder rock.

Theoretical cross-sectional area of the excavation through the so
far encountered excavation support classes ranges from 135m? (the
profile at the beginning of the excavation block under the canopy
tube pre-support) up to 160m? (at the end of the excavation block
under the canopy tube pre-support).

The lining of the mined part of the tunnel was designed as a

double-shell structure — primary and secondary linings with an



prvky — mikropilotovy deStnik, jehlovédni, radidlni kotvy. Sekundar-
ni osténi je navrzeno jako Zelezobetonova konstrukce, realizovana
pomoci posuvného bednéni.

GEOLOGICKE POMERY STAVBY

Geologicka stavba uzemi koridoru Zelezni¢ni traté v trase tune-
Iu Milochov je komplikovand. Horninové prostiedi je v dasledku
slozitého vyvoje bradlového pasma intenzivné tektonicky porusené,
provrasnéné a prostoupené zlomovymi poruchami. Na geologické
stavbé oblasti se podileji horniny bradlového pasma se zastoupenim
flySoidnich souvrstvi jilovcd, slinovei, piskovci a slepenci.

Na zakladé analyzy vyvoje Gzemi v rdmci priazkumi, detailniho
méfeni systému diskontinuit na odkryvech, geofyzikdlnich métent,
analyzy prvku reliéfu a sméru vodnich tokt bylo mozné odhadnout
pravdépodobné sméry a charakter tektonickych poruch, kterymi je
uzemi prostoupené. Bylo konstatovano, Ze tektonicka stavba této
oblasti ma vliv jak na geotechnické vlastnosti hornin, tak na hydro-
geologické poméry tzemi.

Zapadni portal

Povrch uzemi je pokryty vrstvou deluvidlnich suti s ulomky pod-
loznich hornin, které maji pfevazné charakter §térkovitého jilu az
jilovitého Stérku a mocnost 0,5 az 7,0 m. V podpovrchové zéné je
horninovy masiv silné zvétraly, rozvolnény, tektonicky silné poru-
Seny. Prostiedi ma charakter jilovité zeminy. Pfi vrtani lanovych
kotev jiz bylo v oblasti kofentl zastiZzeno skalni podloZi.

Vychodni portal

Na zdkladé priizkumnych mapovacich..., geofyzikdlnich méreni
a vrtnych praci bylo zkonstatovano, Ze portdlovy zafez a ivodni Cast
tunelu jsou situovany do ¢ela rozsahlého sesuvu. Vrtanymi sondami
byly zjistény silné vrstvy deluvialnich sedimentd ve formé jilu a ka-
menito-jilovitych a jilovito-kamenitych suti (mocnosti 10-15 m, lo-
kalné 20 m). Diky budovani zafezu mistni komunikace, Zelezni¢ni
traté¢ a obsluznych komunikaci v zastavéné oblasti byly jiz diive
aktivovany svahové pohyby v dotéené oblasti.

Unikova stola

PodloZi je tvofené mezozoickymi horninami nivnického souvrst-
vi s dominantnim zastoupenim jilovca. Horniny jsou prevazné zdra-
vé a navétrané, v misté poruchovych z6n ale podrcené, maji charak-
ter zemin a lze ocekdvat vyrazné piitoky podzemni vody. V oblasti
portdlu byly zastiZeny v hornich etdZich piscité jily s ulomky az
bloky piskovcii, prechdzejici ve spodnich partiich do navétralych
piskovcd.

Trasa tunelu

V trase tunelu je masiv tvofen mezozoickymi horninami (jilov-
ce s lokalnimi propléstky piskovci nivnického souvrstvi a masivni
az lavicovité piskovce s proplastky jilovct uhrovského souvrstvi).
Prostedi je prostoupeno systémem tektonickych poruchovych zén
(zlomi) a k nim pfislusejicim systémem puklin. PfevaZné na tyto
systémy puklin budou vazany piitoky podzemni vody do tunelu bé-
hem razby. NadloZi tunelu je v rozmezi 5 aZ 110 m.
Hydrogeologické poméry

Obecné lze konstatovat, Ze i kdyZ razba tunelu bude prochazet
pres masiv poruseny systémem puklin, které jsou podle vysledka
prizkumu silné dotovany zejména srazkovou vodou, nejsou oceka-
vany silnéjsi vyrony vody pri razb&. Toto prostiedi bylo zhodnoceno
jako pomalu proudici, bylo zjisténo pomérné¢ malo prament pod-
zemni vody. Lokalné 1ze ale ocekévat, Ze v uritych oblastech dojde
k jednorazovému vyprazdnéni statickych zasob podzemni vody.
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intermediate waterproofing layer and external drainage. The
primary lining is formed by shotcrete with welded mesh, lattice
girders and other supporting elements — canopy tube pre-support,
spiles and radial anchors. The secondary lining is designed as a
reinforced concrete structure cast behind travelling formwork.

GEOLOGICAL CONDITIONS OF THE CONSTRUCTION

The geological structure of the area of the railway line corridor on
the Milochov tunnel route is complicated. The ground environment
is intensely tectonically disturbed, refolded and interspersed with
faults as a result of complicated development of the klippen belt.
The klippen belt rock types comprising formations of flyschoidal
claystone, marlstone, sandstone and conglomerates participate in
the geological structure.

It was possible to assess the probable directions and character
of tectonic disturbances the area is interspersed with on the basis
of an analysis of the development of the area conducted within the
framework of surveys, detailed measurements of the system of
discontinuities on rock outcrops, geophysical measurements, and
an analysis of elements of the relief and the direction of streams.
It was stated that the tectonic structure of the area influences
the geotechnical properties of the rock mass as well as the
hydrogeological conditions in the area.

Western portal

The surface of the area is covered with a 0.5m to 7.0m thick layer
of deluvial debris containing fragments of underlying rock, which
have mostly the character of gravelly clay up to clayey gravel. In the
subsurface zone, the ground massif is heavily weathered, loosened,
tectonically heavily disturbed. The environment has the character
of clayey soil. The bedrock was encountered during drilling for
cable anchors in the area of roots of the anchors.

Eastern portal

It was stated on the basis of mapping activities, geophysical
measurements and drilling activities that the portal cutting and the
initial part of the tunnel are located at the front end of an extensive
landslide. Thick layers of deluvial sediments having the form of
clay and stony-clayey and clayey-stony debris (10—15m and locally
20m thick) were identified by drilled probes. Slope movements
were activated in the particular area owing to construction of
cuttings for a local road, railway track and service roads in the
developed area already in the past.

Escape gallery

The bedrock is formed by Mesozoic rock types of the Nivnica
Formation with dominant presence of claystone. The rock is mostly
fresh and slightly weathered, crushed in the faulted zones with the
character of soils, where significant groundwater inflows can be
expected. In the area of the portal, sandy clay containing fragments
up to blocks of sandstone was encountered in the upper layers. It
passed to slightly weathered sandstone in the lower parts.

Tunnel alignment

The massif along the tunnel route is formed by Mesozoic rock
types (claystone with local interbeds of the Nivnical Formation
sandstone and massive to tabular sandstone with interbeds of the
Uhrov Formation claystone. The environment is interspersed with
a system of tectonic fault zones (faults) and a system of fissures
associated with them. Groundwater inflows into the tunnel during
the course of the excavation will be mostly bound to those fissure
systems. The tunnel overburden thickness ranges from 5m to 110m.
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Obr. 1 Pohled na odlesnény svah budouci stavebni jamy zdpadniho portdlu
Fig. 1 A view of the deforested slope of the future construction pit for the
western portal

Rozbory podzemni vody ukézaly, Ze voda z prostfedi nema agre-
sivni u¢inky na beton, ale vzhledem k vysoké konduktivité (vodi-
vosti) ma silné korozivni G¢inky na Zelezné materidly.

HLOUBENI STAVEBNI JAMY
- ZAPADNI PORTAL

Hloubeni a zajistovani stavebni jamy zdpadniho portdlu bylo na-
vrzeno na deset pracovnich etazi. Portdlova i bo¢ni sténa stavebni
jamy byly planovany s rGznymi sklony, zajiSténé kombinaci stiika-
ného betonu, ocelovych svarovanych siti, zemnimi hieby a lanovy-
mi kotvami v Sesti fadach, kotvené pres dvé kotevni urovné Zele-
zobetonovymi svislymi prahy. Hloubkové odvodnéni horninového
prostfedi bylo navrzeno pomoci dvou 100 m dlouhych a dvou 80
m dlouhych vrt vystrojenych perforovanou paznici. V kazdé etazi
byly navrzeny i 5 m dlouhé odvodiiovaci vrty v rozestupech 10 m.
Portalova sténa se déli na Ctyfi ¢asti s mezilehlymi vodorovnymi la-
vicemi Sifky 1,5 m a bo¢ni sténa na celkem Sest Casti s mezilehlymi
lavicemi s Sitkou taktéz 1,5 m.

Hydrogeological conditions

It can be stated in general that even though the tunnel the
excavation will pass through a massif disturbed by a system of
fissures which are, according to the results of surveys, heavily fed
with water first of all by precipitation, heavier outbursts of water
during the excavation work are not expected. This environment was
assessed as slowly flowing; relatively low number of groundwater
springs was determined. It is however locally possible to expect
that one-shot emptying of static stocks of groundwater will happen
in certain areas.

Groundwater analyses proved that water from the environment is
not corrosive to concrete, but is heavily corrosive to steel materials
with respect to its high conductivity.

EXCAVATION OF CONSTRUCTION PIT - WESTERN
PORTAL

The design for the excavation and stabilisation of the construction
pit for the western portal comprised ten working stages. Various
slopes were planned for the portal wall and sidewall of the
construction pit. The stabilisation of the walls was to be provided
by a combination of shotcrete, welded mesh, soil nails and cable
anchors installed in six tiers and anchored over two anchoring
levels by vertical reinforced concrete beams. The deep drainage
of the ground environment by two 100m long and two 80m long
boreholes provided with perforated casing pipes was designed.
In addition, 5m long drainage boreholes spaced at 10m were
designed to be carried out at each stage. The portal wall is divided
into four parts with 1.5m wide intermediate horizontal berms. Six
parts with intermediate berms also 1.5m wide are designed for the
sidewall.

The work on the portal commenced in May 2017. The first
challenge for the contractor before the commencement of the pit
excavation and stabilisation of the portal wall was getting the
mechanical equipment to the highest stages and subsequently
proceeding from them with earthmoving and stabilisation
operations (see Fig. 1). It was necessary to move a large volume
of soil, build a temporary service entry ramp and ascend to the

Prace na portale zapocaly v kvétnu
2017. Prvni vyzvou pro zhotovitele
pred zahajenim hloubeni a zajiStovani
portdlové stény bylo dostat se s me-
chanizaci na nejvyssi etdz a od ni poté
zacit zemni a zajiStovaci prace (obr. 1).
Bylo nutno premistit velky objem ze-
miny, zrealizovat docasnou obsluznou
najizdéci rampu a citlivé umisténym
zafezem v rostlém terénu nastoupat
az na horni etdz, ze které bylo mozno
zacit s pracemi. Béhem téchto nutnych
terénnich uprav probihalo oploceni
staveni$té draténym plotem a poklad-
ka odvodtiovaciho Zlabu kolem celé
horni etaZe stavebni jamy, svedeného
ke dvéma horskym vpustim.

Pfi zemnich pracich v misté porta-
lu dochazelo k vypadavani pomérné
velkych blokt horniny, vSechny tyto
nadvylomy byly plombovény stiika-
nym betonem. Stavebni jdma zapadni-
ho portdlu byla dokoncena v prosinci
2017 (obr. 2).

Obr. 2 Vystavba zdpadniho portdlu
Fig. 2 Construction of the western portal
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Obr. 3 Blok zpevnény tryskovou injektdzi
Fig. 3 A block of ground strengthened by jet grouting

HLOUBENI STAVEBNI JAMY - VYCHODNI PORTAL

Prace na hloubeni stavebni jamy zapocaly v kvétnu 2017. Pravy
boc¢ni svah ve sméru staniceni je feSen v prevazné Casti své dél-
ky jako dvojetaZovy. Horni etdZ je zabezpeCena zaporovym paZe-
nim, kdy z povrchu byly do pfedvrtanych dér osazeny profily HEB
220-280 a koren téchto zapor byl stabilizovan betonovou zaliv-
kou. Prostor mezi zdporami byl poté pti postupném hloubeni jamy

upper stage along a sensitively located cutting in the natural terrain.
During the necessary ground shaping operations, a construction
site chain link fence was being installed and ditch drainage blocks
were being laid around the whole upper stage of the construction
pit. The ditch was connected to two mountain gullies.

Relatively large rock blocks fell down during the earthmoving
operations in the portal location. All overbreaks were filled with

Obr. 4 ZlepSeni horninového prostiedi pro uchyceni korenii kotvy
Fig. 4 Improved ground environment for fixing roots of anchors

odvodnovaci rigol 8. 600 mm
drainage ditch blocks 600mm

portélova stena 5:1
portal wall 5:1

roznésacie ZB prahy
load-spreading RC beams
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Obr. 5 Realizace tryskové injektdZe
Fig. 5 Realisation of jet grouting

zajistovan dfevénym paZenim a stabilizovan pomoci lanovych kotev
ve vzdalenosti 2,5-3,0 m, upnutych ptes roznaseci profily 2x U220—
U300. Spodni etaz byla zajisténa pomoci kombinace zemnich hie-
bikd, ocelovych siti, stfikaného betonu a lanovych kotev, kotvenych
pres Zelezobetonové desky 0,8 x 0,8 m.

Levy boc¢ni svah byl stabilizovan pomoci zédporového pazeni —
HEB profild, vydfevy a lanovych kotev upnutych pfes roznaseci
profily 2x U220.

Portdlova sténa byla pivodné navrzena ve sklonu 5:1, zajisténa
stifkanym betonem, ocelovymi sitémi, zemnimi hfebiky a lanovymi
kotvami ve tfech fadach. Horni droven lanovych kotev je ukotvena
pres zZelezobetonové roznaseci prahy délky 7 m. V ostatnich fadach
jsou kotvené pres Zelezobetonové desky 0,8x0,8 m. Hloubkové
odvodnéni portalového zarezu bylo realizovano pomoci ¢tyf 100 m
dlouhych odvodiiovacich vrtii, osazenych perforovanymi paZnice-
mi.

Pfi napinani lanové kotvy s oznacenim K24.III v cele portédlo-
vé stény doglo k jejimu vytaZeni. Udaje o geologickém prostieds,
zdokumentované v pribéhu vrtani, byly geologem detailné popsany
a predany projektantovi. Na zdkladé skutené zastiZzené geologie
projektant vyhodnotil geotechnické parametry a rozhodl o zméné
postupu dalSich praci. Z divodu vyskytu plastickych jild v misté
planovaného korene lanové kotvy rozhodl o zlepSeni vlastnosti ze-
min v pfedpoli razby — realizaci tryskové injektaZe (obr. 3, 4).

Pozadavkem projektu bylo vytvoreni sloupii zpevnéné horniny
o priméru 700 mm a pevnosti v prostém tlaku minimélné 4,0 MPa
po 28 dnech. Na zdkladé téchto pozadavkl bylo rozhodnuto o re-
alizaci jednofazové tryskové injektaze M1. Vrty tryskové injektaze
byly realizovény v Sesti vrtnych trovnich. Celkem bylo odvrtano
574 vrtt, jednotlivé vrty byly 24,4 m dlouhé s délkou proinjektova-
né ¢asti 8,5 m. Jednalo se tedy celkem o 14 000 béZnych metri vrtd.
Tryskova injektaz byla provadéna po etazich, kdy se prabézné po
dokonceni jednotlivych etdZi ptistoupilo k zemnim pracim, zajisténi
odkopané etaze stavebni jamy pomoci stfikaného betonu na ocelo-
vé sité a poté se vrtala dalsi horizontalni fada vrtii. Pvodni feSeni
zajisténi portalové stény bylo doplnéno o Ctyfi lanové kotvy, zajis-
téné pres dva Zelezobetonové kotevni prahy. Tryskovd injektaZ byla
realizovana od konce srpna 2017 do za¢atku tnora 2018 (obr. 5, 6).

HLOUBENI STAVEBNI JAMY - UNIKOVA STOLA

P1iblizné v poloviné délky tunelu je kolmo na tubus tunelu napo-
jend tnikova Stola délky cca 266 m a prafezu vyrubu 10 m?(prijezd-
ny profil 2,25x2,25 m). Stola vyiistuje svym portilem v zistavbé

Obr. 6 Dokoncéeny vychodni portdl pro raZbu
Fig. 6 Completed eastern portal prepared for tunnel excavation

shotcrete. The construction pit for the western portal was finished
in December 2017 (see Fig. 2).

EXCAVATION OF CONSTRUCTION PIT - EASTERN
PORTAL

The excavation of the construction pit commenced in May 2017.
The right-hand side slope (viewed in the direction of chainage) is
solved as a two-stage slope along a major part of its length. The
upper stage is stabilised by strutted sheeting, where HEB 220-
280 steel sections were inserted from the surface into pre-bored
holes and their roots were fixated in concrete. The space between
the struts was subsequently, during the gradual excavation of the
pit, supported with wooden lags and stabilised with cable anchors
spaced at 2.5-3.0m, fixed through load-spreading steel sections
2xU220-U300. The lower stage was stabilised by a combination
of soil nails, welded mesh, shotcrete and cable anchors passing
through 0.8m x 0.8m reinforced concrete slabs.

The left-hand side slope was stabilised by strutted sheeting —
HEB steel sections, wooden lagging and cable anchors passing
through load-spreading steel sections 2xU220.

The portal wall reposing at 5:1 was originally designed, to be
stabilised with shotcrete, welded mesh, soil nails and three tiers
of cable anchors. The upper tier of the cable anchors is anchored
through 7m-long walers. At the other tiers they pass through
0.80m x 0.80m reinforced concrete slabs. The deep drainage of the
portal cutting was realised by four 100m long drainage boreholes
provided with perforated casing pipes.

The cable anchor at the front end of the portal wall, marked as
K24.111, was pulled out during the process of tensioning. The data
on the geological environment documented during the course of
drilling was described in detail and handed over to the designer by
the geologist. The designer assessed the geotechnical parameters
on the basis of the actually encountered geology and decided to
change the procedure for the subsequent work. With respect to
the occurrence of plastic clay in the planned cable anchor root
location, the designer decided that the properties of soils forming
the advance core had to be improved by jet grouting (see Figures 3
and 4).

The design required that 700mm-diameter columns strengthened
by jet grouting with the minimum unconfined compressive strength
of 4.0MPa at 28 days were created. The decision was made on
the basis of requirements that M1 single-jet grouting was to be
realised. The jet grouting holes were drilled at six levels. In total,



Obr. 7 Dokoncend stavebni jama pro unikovou §tolu
Fig. 7 Completed construction pit for the escape gallery

v obci Horny Milochov. Portdl je situovany do stavajiciho odfezu
pro mistni komunikaci a jeho poloha je navrzena tak, aby mezi por-
talem a komunikaci vznikla nastupni plocha o rozloze minimalné
500 m2. Stola bude slouZit jednak jako tinikova chodba a soudas-
né pristupovd cesta pro zasah sloZek integrovaného zachranného
systému v piipadé mimoradné udalosti. Razba samotné Stoly bude
provadéna zevnitf tunelu.

V predstihu byla zrealizovdna stavebni jama portdlu. Svahy sta-
vebni jamy byly vybudovéiny ve sklonu 3:1 a zajiStény stfikanym
betonem se dvéma vrstvami svafovanych siti a horninovymi kotva-
mi délky 4 a 6 m. Hloubeni a zajiStovani probihalo celkem v Sesti
etazich vySky 1,5 m (obr. 7). Odvodnéni prostoru nad portilem je
feSeno pomoci prikopového Zlabu z prefabrikati, ktery je pres hor-
ské vpusti v paté svahu napojeny na trativod.

RAZBA TUNELU ZE ZAPADNIHO PORTALU

Piavodni harmonogram vystavby tunelu Milochov pocital pouze
s razbou ze strany vychodniho portdlu. Ale vzhledem k situaci, kdy
byl zapadni portal v prosinci 2017 jiZ hotov a dokonceni vychodni-
ho portalu bylo pozdrZeno z diivodi zmén zajiSténi portdlové stény
a predpoli razby, zahajil zhotovitel razbu ze strany zdpadniho por-
talu. Razba probihala podle predpokladu inZenyrskogeologického
pruzkumu projektu v technologické tfidé Vb (obr. 8). Profil tunelu
byl ¢lenén na kalotu, opéfi a protiklenbu. Primérni osténi kaloty
a opéfi je tvofeno kombinaci stiikaného betonu, vyztuznych ptihra-
dovych ramu, ocelovych siti a radialnich kotev délky 6 m. Primarni
osténi protiklenby je tvorfeno kombinaci ocelovych siti a stiikaného
betonu. Razba probihala s délkou zabéru 0,8—1,0 m pod ochranou
mikropilotového destniku z ocelovych paznic D89/6,3 mm, délky
15 m s prekrytim 6,4 m — celkem 39 ks paZnic a se zajiSténim cel-
by sklolaminatovymi kotvami délky 8 m. Celba se b&hem razby
z¢asti nechdvala pfitizena pomoci opérného klinu z rostlé horniny.
Opéfi a protiklenba byly po vyrazeni kaloty dobirany v danych ro-
zestupech tak, aby nedochézelo k nezddoucimu nartstu deformaci
a vyrub byl v co nejrychlej$im ¢ase uzavien do plného profilu dila
(obr. 9).
Prace byly zapocaty 8. ledna 2018. Razba v kaloté probihala
s prumérnou rychlosti 2 m/den v geologickych podminkach odpovi-
dajicich navrZené technologické tfidé€ razby. Bylo vyraZeno celkem
cca 110 m v plném profilu tunelu. Po dokonc¢eni dodatecnych za-
jistovacich praci na vychodnim portalu byla razba na zapadni stra-
né prerusena. Prostor tunelu a zafizeni stavenisté byl zajistén proti
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574 holes were drilled; individual boreholes were 24.4m long, with
the length of the grouted section 8.5m long. It means that 14,000
linear metres of holes were bored in total. The jet grouting was
conducted stage-by-stage, with earthmoving operations starting
continually after completion of individual stages. A finished stage
of the construction pit excavation was stabilised by shotcrete
applied to welded mesh. The next horizontal tier of holes was bored
subsequently. The original solution to the stabilisation of the portal
wall was supplemented by four cable anchors installed through
reinforced concrete walers. The jet grouting was realised from the
end of August 2017 to the beginning of February 2018 (see Figures
5 and 6).

EXCAVATION OF CONSTRUCTION PIT - ESCAPE GALLERY

The ca 266m long escape gallery is connected to the tunnel
approximately in the middle of the tunnel length, perpendicularly
to the tunnel tube. The excavated cross-sectional area amounts to
10m? (the clearance profile of 2.25x2.25 m). The gallery has its end
portal in the developed part of the municipality of Horny Milochov.
The portal is located in the existing side-hill cutting for a local road.
Its location is designed with the objective to create a mustering area
between the portal and the road with the minimum area of 500m?.
The gallery will be used as an escape route and, at the same time,
as an access route for intervention of components of the Integrated
Rescue System in case of emergency. The gallery will be driven
from within the tunnel.

The construction pit for the portal was realised in advance. The
slopes of the construction pit were built at a gradient of 3:1. They
were stabilised with shotcrete, two layers of welded mesh and
earth anchors 4m and 6m long, respectively. The pit excavation
and stabilisation was divided into six 1.5m high stages (see Fig. 7).
Concrete ditch drainage blocks are designed for draining the area
in front of the portal. The ditch is connected through mountain
gullies to drainage at the slope base.

DRIVING THE TUNNEL FROM THE WESTERN PORTAL

The original works schedule for the Milochov tunnel counted
only with driving from the eastern portal side. Nevertheless, with
respect to the situation where the western portal was finished in
December 2017, whilst the completion of the eastern portal was
deferred due to changes in the system of stabilisation of the portal
wall and the face-advance core, the contractor started to drive the
tunnel from the western portal. The tunnel excavation proceeded,
in compliance with the prediction of the engineering geological
survey, through Vb excavation support class (see Fig. 8). The
excavation sequence consisted of top heading, bench and invert

Obr. 8 Technologickd tiida vyrubu Vb, vrtdni celbovych kotev
Fig. 8 Excavation support class Vb, drilling into advance core for anchors
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Obr. 9 Dobirdni opéri a protiklenby ve tiidé Vb
Fig. 9 Completion of excavation of bench and invert through class Vb ground

vniknuti cizich osob a veskeré kapacity byly presunuty na vychodni
portal.

RAZBA TUNELU Z VYCHODNIHO PORTALU

Jiz béhem realizace tryskové injektdZze predpoli razby smérem
z vychodniho portdlu zhotovitel upozornil investora, Ze pivodné
navrzend technologickd tfida vyrubu Vb by vzhledem ke skutec-
né zastizené geologii nemusela byt dostacujici. Investor reagoval
vydanim pokynu projektantovi na vypracovani nového technického
feSeni pro razbu. V nové navrZzenych technologickych tfidach vy-
rubu projektant zohlednil zastizenou geologii, vliv nizkého nadlozi
(7-25 m v délce 250 m) a soucasné nutnost omezit deformace vy-
rubu. Pivodni $kala technologickych tfid byla doplnéna o dvé nové:
VT VI a VT Vc. Doplnéna projektova dokumentace zahrnovala
i Upravu zajisténi predpoli razby. Tato zména spocivala v navySeni
poctu kust 15 m dlouhého mikropilotového destniku, kdy destnik
byl realizovén ve dvou fadédch a rozsifen do stran, celkem bylo tedy
misto 585 béZnych metrd mikropilot realizovdno 1485 m. Délka
Celbovych kotev byla zménéna z 8§ m na 16 m v rastru 1,4x 1,4 m
a dodatkové byly realizovany dva odvodiovaci vrty délky 50 m do
predpoli razby (obr. 10).

Specifikum technologické tfidy vyrubu VI (obr. 11) spociva. ve
vertikdlnim ¢lenéni kaloty na dvé mensi Casti, oznacené jako kap-
le I a kaple II. Razba probihala pod ochranou mikropilotového
deStniku. Dil¢i vyruby byly uzavirany pomoci prihradovych ramt
a stiikaného betonu po celém obvodu. Po dorazeni I. kaple na ko-
nec maximalniho mozného postupu pod ochranou mikropilotového
deStniku (9,6 m) se zacala razit II. kaple a postupné se ubouravalo
stfedové vyztuzné Zebro. Primarni osténi protiklenby bylo feseno

Obr. 10 Sténa vychodniho portdlu dle doplnéné projektové dokumentace
Fig. 10 Eastern portal wall according to the supplemented design documents

excavation. The primary lining of the top heading and bench
is formed by a combination of shotcrete, lattice girders, welded
mesh and 6m long radial anchors. The primary lining of the
invert is formed by a combination of welded mesh and shotcrete.
The excavation rounds were 0.8m — 1.0m long. The excavation
proceeded under the protection of canopy tube pre-support formed
by 15m long D89/6.3 steel tubes (39 pieces in total) overlapping
6.4m. The excavation face was supported by 8m long glassfibre
reinforced plastic anchors. The excavation face was supercharged
by means of a supporting wedge of natural rock. The bench and
invert excavation proceeded after the completion of the top heading
excavation, with the distances between the faces designed with the
objective to prevent undesirable increase in deformations and allow
for closing of the full tunnel profile as fast as possible (see Fig. 9).

The work operations commenced on 8" January 2018. The
top heading excavation proceeded through geological conditions
corresponding to the designed excavation support class at the
average rate of 2m per day. The total of ca 110m of the excavation
of the tunnel full profile was finished. The tunnel excavation from
the western side was interrupted after the completion of additional
stabilisation work at the eastern portal. The tunnel space and
the construction site facilities were secured against intrusion of
unauthorised persons, and all capacities were moved to the eastern
portal.

DRIVING THE TUNNEL FROM THE EASTERN PORTAL

The contractor warned the project owner already during the work
on the jet grouting into the advance core in the direction from the
eastern portal that the originally designed excavation support class
Vb might be insufficient with respect to the actually encountered
geology. The project owner responded by issuing an instruction
to the designer to develop a new technical solution for the tunnel
excavation. In the newly designed excavation support classes, the
designer took into account the actually encountered geology, the
influence of the shallow overburden (7-25m high along the tunnel
length of 250m) and, at the same time, the necessity for restricting
the excavation deformations. Two new excavation support classes,
VI and Vc, were added to the original range of classes. The
supplemented design documents even comprised a modification of
the advance core stabilisation system. The change lay in increasing
the number of pieces of the 15m long canopy tube pre-support.
The canopy was realised in two tiers and the width was extended
to the sides. The total of 1485 linear metres of the canopy tubes

X

Obr. 11 Zahdjeni razby ve tiidé VI s vertikdlné ¢lenénou kalotou
Fig. 11 Commencement of tunnel excavation with the vertically divided top
heading (class VI)



Obr. 12 Uzavirdni celého profilu dila pomoci piihradovych rami
Fig. 12 Closing the whole excavated tunnel profile using lattice girders

taktéz s pomoci ptihradovych ocelovych ramil v kombinaci s ocelo-
vymi sitémi a stifkanym betonem (obr. 12).

Technologicka tfida vyrubu Vc: je téméf totoZné s technologic-
kou tfidou Vb s jedinym rozdilem, kdy je budovina docasna pro-
tiklenba kaloty, zaji§téna stifkanym betonem s ocelovymi sit€mi.
Toto feSeni mé za kol zamezovat vzniku nadmérnych deformaci
a umoznuje delsi odstup Celby kaloty od dobirdni op€fi a protiklen-
by. Zhotovitel tak miiZe vyuZit kalotu dila jako prizkumnou Stolu,
ktera geologovi umoziiuje vyhodnocovat aktudlni stav a ve spolu-
praci s projektantem stanovit dal$i postup praci.

Po doplnéni a odsouhlaseni projektové dokumentace byla raz-
ba zahdjena 23. kvétna 2018. Ve tfidé VI bylo v kaloté vyraZeno
106,5 m. Poté se pokracovalo v kaloté ve tfidé Vc az do vyraZeni
157,5 m. Na zékladé doporuceni rady geotechnického monitoringu
bylo prikroceno k raZeni protiklenby ve tfidé VI, respektive opéfi
a protilenby ve tfid€ Vc v celkové délce 146,5 m. Pred zahajenim
dobirky protiklenby bylo zesileno zajisténi portilové stény kotvami.
Paty kaloty tunelu (tzv. sloni nohy) byly na prvnich deseti metrech
podchyceny mikropilotami délky 6 m.

ZAVER

Podle aktualnich poznatkd bude razba ve tfidé Vc probihat jesté
cca 100 m. Po tomto useku se bude nadlozi tunelu prudce zvysSovat
a lze ocCekavat zlepSeni v geologickych podminek. Naslednd raz-
ba bude pravdépodobné probihat vtechnologickych tfidach vyrubu
s mensim mnoZstvim zajiStovacich prvki, a tim se bude zrychlo-
vat postup pii razbé dila. Nové navrZzené zmény projektu zhotovitel
technicky zvladl bez vétsich ¢asovych prodlev a bez vzniku mimo-
fadnych udélosti. Naméfené konvergence dosahly nejvice 70 % ma-

ximdlni povolené hodnoty, stanovenou pro tfidu VI 118 mm a pro
tfidu Ve 105 mm.

Ing. PETR VELICKA, pvelicka@subterra.cz,
Ing. JIRI MATEJICEK, jmatejicek@subterra.cz, Subterra a.s.
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were installed instead of the original 585 metres. The length of the
anchors into the excavation advance core was changed from 8m to
16m, to be installed at 1.4x1.4m grid, and two 50m long drainage
boreholes into the advance core were added (see Figures 10).

Excavation support class VI (see Fig. 11) — the particularity of
this class lies in the vertical sequence of the top heading excavation
consisting of two smaller parts marked as chapel I and chapel II.
The excavation proceeded under the protection of canopy tube pre-
support. The partial excavations were closed by means of lattice
girders and shotcrete applied around the whole circumference. After
completing the excavation of chapel I up to the end of the maximum
permitted length of advance per round under the protection of
canopy tube pre-support (9.6m), the excavation of chapel II started
and the middle supporting ground rib was gradually broken. The
design of the primary lining of the invert also comprised 4-strand
lattice girders in combination with welded mesh and shotcrete (see
Fig. 12).

Excavation support class Vc: This class is nearly identical with
excavation support class Vb, with an only difference lying in the
construction of temporary invert of the top heading supported
with shotcrete and welded mesh. The objective of this solution is
to prevent development of excessive deformations and allow for
greater distances between the top heading excavation face and the
subsequent excavation of the bench and the invert. The contractor
can therefore use the top heading as an exploratory gallery allowing
the geologist to assess the current condition and determine, in
collaboration with the designer, the subsequent work procedure.

After complementing and approving the design documents, the
excavation started on 23" May 2018. Excavation support class was
applied to 106.5m of the top heading. Subsequently class Vc was
applied in the top heading until 157.5m of the excavation were
completed. On the basis of a recommendation of the geotechnical
monitoring board, the excavation commenced in the invert,
respectively in the bench and invert, with excavation support class
VI applied to the total length of 146.5m. Before the excavation of
the invert started, the stabilisation of the portal wall was reinforced
with anchors. The top heading footings (the so-called “elephant’s
feet”) were underpinned within initial ten metres with 6m-long
micropiles.

CONCLUSION

According to the current knowledge, the excavation through
class Vc ground will continue in following ca 100 metres of the
tunnel. After this section the tunnel overburden thickness will
steeply grow and it is possible to expect improved geological
conditions. The subsequent tunnel excavation will probably pass
through excavation support classes with a smaller amount of
support elements, excavation advance rate will therefore increase.
The newly designed changes in the design were technically coped
with by the contractor and no exceptional events were experienced.
The highest measured convergence values reached 70 per cent
of the maximum permitted values of 118mm and 105mm set for
classes VI and Vc, respectively.

Ing. PETR VELICKA, pvelicka@subterra.cz,
Ing. JIRI MATEJICEK, jmatejicek@subterra.cz, Subterra a.s.

[1] ZSR, Modernizicia trate Pichov—Zilina, pre rychlost do 160 /h, 1. etapa, Optimalizicia. Dokumenticia pre realiziciu stavby.

Reming Consult, a.s. Bratislava 2018
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TUNEL HERRSCHAFTSBUCK
HERRSCHAFTSBUCK TUNNEL

JAN KUBEK, PAVEL FARSKY

ABSTRAKT

Cldnek popisuje vystavbu nového ddlnicniho tunelu Herrschaftsbuck v Némecku, ve spolkové zemi Badensko-Wiirttenbersko. Tento tunel
lezi na nové budované ddlnici A9S, jez bude kopirovat jiZni hranici Némecka se Svycarskem, mezi mésty Weil am Rhein — Waldshut. Dotceny
tunel je soucdsti stavebniho iseku AD Hochrhein — AD Karsau o celkové délce cca 3,5 km a navazuje tak na ji provozovany iisek ddlnice
A98 AD Weil am Rhein — AD Hochrhein, ktery slouZi zdroveri jako obchvat mést Basel a Lorrach. Realizace stavby Tunnel Herrschaftsbuck
byla zahdjena v dubnu roku 2017 a predpoklddany termin ukoncent je stanoven na tieti ctvrtleti roku 2019. Samotnd stavba Tunnel Herr-
schaftsbuck zahrnuje dvé tunelové trouby, jejichZ paralelni osy jsou od sebe vzddleny priblizné 30 m. Dvouproudd severni v délce 485 m
a triproudd jizni v délce 475 m, a to vcetné hloubenych cdsti. Soucdsti je i jedna tunelovd propojka. Tunely byly raZeny metodou NRTM,
s pouZitim trhacich praci na cca 80 % délky tunelui. Dodavatelem stavby je ARGE Herrschaftsbucktunnel, sdruZeni spolecnosti Subterra a.s

a BeMo Tunneling GmbH.

ABSTRACT

The paper describes the construction of the Herrschaftsbuck tunnel, a new motorway tunnel in the Baden-Wiirttenberg federal state,
Germany. The tunnel is located on the A98 motorway, currently under construction, which will copy the southern border between Germany
and Switzerland, between the towns of Weil am Rhein — Waldshut. The aforementioned tunnel is part of the AD Hochrhein — AD Karsau
construction section with the total length of ca 3.5km. The section links to the already operating AD Weil am Rhein — AD Hochrhein section
of the A98 motorway, which at the same time serves as a by-pass of the towns of Basel and Lorrach. The work on the Herrschaftsbuck
tunnel commenced in April 2017 and the completion is planned for the third quarter of 2019. The Herrschaftsbuck tunnel construction
consists of two tunnel tubes, the parallel axes of which are spaced approximately at 30m, the 485m long northern double-lane tube and the
475m long southern triple-lane tunnel tube (including cut-and-cover sections). One cross passage is also part of the structure. The tunnels
were driven using the NATM. Blasting was applied to ca 80% of the tunnel tubes lengths. ARGE Herrschaftsbucktunnel, a consortium
consisting of Subterra a. s. and BeMo Tunneling Gmbh, was the construction contractor.

uvob

Stavba Tunnel Herschaftsbuck je dalni¢ni tunelova stavba neda-
leko méstecka Rheinfelden na jihozdpadé Némecka v upati poho-
i Schwarzwald, v t€sné blizkosti Svycarské hranice, ve spolkové
zemi Badensko-Wiirttembersko. Pfimo navazuje na jiZ provozova-
ny dsek dalnice A98 AD Weil am Rhein — AD Hochrhein zpro-
voznény v roce 2010, ukonceny vyjezdem do sousedniho 1268 m
dlouhého tunelu Nollinger Berg smérem Rheinfelden, Svycarsko
(obr. 1).

INTRODUCTION

The Herschaftsbuck Tunnel construction is a motorway tunnel
construction near the small town of Rheinfelden in the southwest
of Germany, at the foothill of the Schwarzwald mountain range,
in the immediate vicinity of the Swiss border, in the federal state
of Baden-Wiirttenberg. It directly follows the already operating
section of the A98 motorway between AD Weil am Rhein and AD
Hochrhein, which was brought into service in 2010 and ends by
an exit to the neighbouring 1268m long Nollinger Berg tunnel
heading towards Rheinfelden, Switzerland (see Fig. 1).
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) Realisation of these tunnels will allow for another

g extension of the A98 motorway, which, after completion,

will connect the southern area of Germany in the east-
west direction along the Swiss and Austrian borders,
ETa concretely from Basel (A5) to Rosenheim (AS). This
priority transport construction project is important for
the states of Bavaria and Baden-Wiirttenberg because of
the fact that nearest motorway or another high-capacity
road link is located nearly 200km further north, mainly
with respect to the extensive Schwarzwald mountain
range. The construction is complicated not only by the
fact that the whole planned motorway passes across the
highly dissected mountainous areas of the Schwarzwald
mountain range and Alpine foothills at relatively
high altitudes, but also the fact that the importance
in the context of the whole Germany is rather small.
The entire works schedule is based on this fact. The

Obr. 1 Mapa dotcené oblasti - tisek
Fig. 1 Map of the affected area — a section

construction is planned for another approximately
25 years.




Realizace téchto tuneld umozni dalsi prodlouzeni dalnice A9S,
kterd po dokonceni spoji jizni oblast Némecka ve sméru vychod-
-z4pad podél hranice se Svycarskem a Rakouskem, konkrétn&
od Baselu (A5) k Rosenheimu (AS8). Pro Bavorsko a Badensko-
-Wiirttembersko se jedna o prioritni dopravni stavbu, nebot nej-
blizsi dédlnicni ¢i jina kapacitni silni¢ni spojnice leZi témér 200 km
severnéji zejména kvili velmi rozsahlému pohoti Schwarzwald.
Vystavbu komplikuje nejen fakt, Ze celd tato pldnovand dalnice
prochézi velmi ¢lenitymi hornatymi oblastmi Schwarzwaldu a alp-
ského predhuri v relativné vysokych nadmotskych vyskach, ale
i mensi vyznam v celonémeckém kontextu. Z toho vychazi i cely
harmonogram vystavby, ktery je naplanovan na dalSich zhruba
25 let.

ZAKLADNI UDAJE O STAVBE

nazev:
investor stavby:

Tunnel Herrschaftsbuck
Regierungsprisidium Freiburg
Referat 47.32

ARGE Herrschaftsbucktunnel
BeMo Tunnelling — Subterra
A98 AD Hochrhein — AD Karsau
Rheinfelden,
Badensko-Wiirttembersko,
jihozépad Némecka

jiZni tunelova trouba 475,63 m
severni tunelova trouba 485,00 m
cerven 2017 (zahdjeni praci v tunelu)
—leden 2020 (pfedani stavby)

zhotovitel stavby:
trasa:

umisténi stavby:
délka tunelu:

termin vystavby:
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BASIC CONSTRUCTION DATA

Herrschaftsbuck tunnel
Regierungsprisidium Freiburg
Referat 47.32

ARGE Herrschaftsbucktunnel
BeMo Tunnelling — Subterra

A98 AD Hochrhein — AD Karsau
Rheinfelden, Baden-Wiirttemberg
area, southeast of Germany
southern tunnel tube 475.63m
northern tunnel tube 485.00m
June 2017 (beginning of the work
in the tunnel) — January 2020
(construction hand-over )

EUR 31.5 million

name:
project owner:

construction contractor:

route:
construction location:

tunnel length:

construction deadlines:

construction cost:

GEOLOGICAL CONDITIONS

The Herrschaftsbuck tunnel is located in an area which is ranked
in Central German Highlands from the geomorphologic point of
view.

According to geological survey, two geological profiles were to
be encountered. Dolomitic rock types with a weak occurrence of
marlstone and gypsum were predicted for geological profile GA L.
This rock environment was never encountered throughout the
tunnel excavation period. Claystone with gypsum and marlstone
layers alternating with dolomite, in which claystone and bony coal
layers could be encountered, were expected in the other profile,
GA II. This rock environment was encountered throughout the

néklady stavby: 31,5 mil. EUR length of the southern and northern tunnel tubes sections. The
assumption of the groundwater presence was very low in both rock
Lorrach Waldshut
délka tunelu L = 485 m
tunnel length L=485m
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Obr. 2 Podélny rez s geologii — severni tunelovd trouba
Fig. 2 Longitudinal geological section — northern tunnel tube
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GEOLOGICKE POMERY

Tunel Herrschaftsbuck se nachazi v oblasti, kterd se z geomorfo-
logického hlediska fadi do Stfedonémecké vysociny.

Dle geologického prizkumu mély byt zastizeny dva geologické
typy. V geologickém typu GA I byly predpokladany dolomitické
horniny se slabym vyskytem slinovcl a sddrovcil. Toto horninové
prostiedi nebylo po celou dobu razby zastizeno. V druhém hor-
ninovém typu GA II byly ocekdvany jilovce s vrstvami saddrovce
a slint stfidajici se s dolomitem, ve kterém se mohly nalézat vrstvy
jilovel a lupku. Toto horninové prostredi se nalézalo v celém tdseku
razby jizni i severni tunelové trouby. V obou tsecich horninového
prostiedi byl pfedpoklad pritomnosti podzemni vody velice maly —
maximalné lokalni pfitoky, zato vSak zde byla predpokladdna moz-
nost vyskytu krasovych jevi.

V obou tunelovych troubach byly razby provadény, podle zatii-
déni geologického a geotechnického monitoringu, pouze v GA II.
Predpokladané krasové jevy nebyly zastiZeny, pritoky podzemnich
vod odpovidaly ocekavéni (obr. 2).

KONCEPT TECHNICKEHO RESENI

Obé trouby tunelu Herrschaftsbuck byly raZeny metodou NRTM
od vychodniho portdlu se stanovenym odstupem celeb jednotli-
vych trub. Zaji§té€ni vyrubu bylo navrZeno systémem predhiné-
nych jehel, radidlnich kotev a vyztuzenym stifikanym betonem.
Definitivni osténi je Zelezobetonové, s mezilehlou izolaci v raze-
ném useku. Hloubené casti jsou zhotoveny jako tzv. ,bild vana“
(beton s omezenym prasakem vody doplnény systémovymi hyd-
roizolacnimi prvky pro zajiSténi utésnéni pracovnich a dilatacnich
spar).

Pro rozpojovani horninového masivu na jednotlivé dil¢i profily
razby byly na 80 % délky tunelu pouZity trhaci prace, zbytek byl
profilovan a rozpojovan mechanicky (zejména v oblastech portali).
VZdy nasledovalo zajiSténi Celby vrstvou stfikaného betonu.

Pres velmi nizké nadlozi v celé délce tunelu (max. 30 m), byla
pro realizaci tohoto tseku dalnice navrzena vystavba razenych tu-
neltl, zejména kvuli zachovani kontinuity uzemi, které je vyuzi-
vano mimo jiné jako rekreacni oblast pro turisty a pfilehlé obce.
Pfi pouziti jiné technologie vystavby by byla tato oblast nevratné
rozdélena obtizné prekonatelnou liniovou stavbou.

Obr. 3 Zarizeni stavenisté
Fig. 3 Construction site arrangement

environment sections — only local inflows as a maximum. On the
other hand, the possibility of occurrence of karstic phenomena was
assumed.

The excavation in both tunnel tubes was carried out in
compliance with the classification following from the geological
and geotechnical monitoring only in GA II. The anticipated
karstic faults were not encountered and the groundwater inflows
corresponded to the expectation (see Fig. 2).

TECHNICAL SOLUTION CONCEPT

Both tubes of the Herrschaftsbuck tunnel were driven from the
eastern portal using the NATM, with the prescribed distances
between the excavation faces in the individual tubes maintained.
The designed excavation support comprised forepoling, radial
anchors and reinforced shotcrete. The final lining is made from
reinforced concrete; the intermediate waterproofing membrane is
in the mined section. The cut-and-cover sections are constructed
as the so-called “white tanks” (concrete with reduced seepage
of water through the structure, complemented by a system of
waterproofing elements securing the tightness of construction and
expansion joints).

Blasting was applied to 80% of the tunnel length for disintegration
of rock mass in individual excavation sequences. In the remaining
tunnel length the rock mass was disintegrated and the excavation
profiled mechanically (first of all in the areas of portals). Supporting
the excavation face with a shotcrete layer always followed.

Despite the very shallow overburden existing throughout the
tunnel length (maximum 30m), the construction of mined tunnels
was designed for the realisation of this motorway section, first of
all with respect to maintaining the continuity of the area, which
is used, among other purposes, as a recreational area for tourists
and adjacent municipalities. Should another construction technique
be applied, the area would have been irreversibly divided by the
hardly surmountable linear structure.

The tunnel is being constructed in compliance with the so-
called ZTV-ING (Zusitzliche Technische Vertragsbedingungen
und Richtlinien fiir Ingenieutbauten) — Additional technical
contractual conditions and directives for civil engineering projects.
The technical and quality specifications, in this case first of all
Part 5 — Tunnel Construction, are generally
valid and binding for the construction.
Realisation of tunnelling projects in Germany
is performed unreservedly in compliance with
these standards for all project owners, with no
own or supplementary technical and quality
specifications applied.

Construction site arrangement

The entire construction site arrangement
was placed to the area of the eastern tunnel
portal. Roadway structural courses including
the asphalt sub-base have already been finished
in the whole areas in front of the future eastern
and western portals. The advantage of an area
hardened with asphalt nearly up to the tunnel
portals turned out practically immediately
after the beginning of the construction
operations — no problems were encountered
when mechanical equipment was to be
brought even under unfavourable climatic
conditions (snow, rain) and the surface was
easier to maintain. In addition, the completed
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Obr. 4 Sklad trhavin pred dokoncenim
Fig. 4 Explosives magazine before completion

Tunel je budovéan podle tzv. ZTV-ING (Zusitzliche Technische
Vertragsbedingungen und Richtlinien fiir Ingenieurbauten) — Do-
date¢né technické smluvni podminky a smérnice pro inZenyrské
stavby. Jedna se o obecné platné a zdvazné technické a kvalitativni
podminky pro vystavbu, v tomto piipad¢ zejména oddil 5 — Vystav-
ba tunelti. Realizace tunelovych staveb v Némecku probiha prak-
ticky bezvyhradné podle téchto standardli pro vSechny investory,
kteri jiz dale neaplikuji vlastni nebo dopliujici technické a kvali-
tativni podminky.

Zafizeni stavenisté

Celé zafizeni staveniSt€¢ bylo umisténo v prostoru vychodniho
portalu tunelu. Na celé plose pred budoucim vychodnim i zépad-
nim portdlem byly jiz dokonceny konstrukcni vozovkové vrstvy
véetné podkladni asfaltové. Vyhoda plochy zpevnéné asfaltem
skoro az k portdlu tunelu se ukdzala prakticky hned od zacatku
realizace stavby — nedochazelo k potiZim pfi nasazeni mechani-
zace 1 za nepfiznivych klimatickych podminek (snih, dést) a tato
plocha byla mnohem lépe udrZovatelna a také dokoncené vozov-
kové vrstvy zdsadnim zplsobem zjednodusily dopravu a logistiku
stroji a materidlu. Rozsahly prostor predportdli umoznil umistit
nejen kancelarskou budovu z kontejneri, Satny pro persondl, sklad,
ale i mobilni betondrnu a opravarenskou dilnu s tankovaci stanici
a s prostorem pro myti mechanizace. Pro manipulaci s materidlem
na skladovacich plochach byly na stavenisti postaveny dva vézo-
vé jetaby. V prostoru zafizeni staveni$té bylo také nutné pripravit
fidici mistnost pro velitele zachrannych praci a likvidace pfipad-
né havarie a také Satnu se skladem vystroje a vybaveni pro Cetu
zachrandrd, jez je sestavena z persondlu zhotovitele, ktery prosel
specidlnim dvoutydennim Skolenim (obr. 3).

Na stavenisti byl zarovei zfizen sklad trhavin a rozbusek. Trha-
viny byly skladovany ve ¢tyfech betonovych bunkrech (kazdy na
max. 1000 kg trhavin). Rozbusky v upraveném, k tomuto tcelu
ur¢eném kontejneru (pro skladovani max. 10 000 ks rozbusek), ve
kterém byl nainstalovan alarm a bezpecnostni zafizeni upozoriu-
jici pres mobilni telefon na nedovolené vniknuti. Skladovaci pro-
story byly z bezpe¢nostnich diivodii obloZeny bigbagy naplnénymi
piskem (obr. 4). Cely sklad musel byt oplocen a uzamcen.

Odpadni vody jsou Cerpany do jimky umisténé nad tunely, z niz
pak samospadem prochdzi nékolika usazovacimi nadobami, odlu-
¢ovacem ropnych latek, neutralizacni stanici a asti do retencni na-
drZe, z niZ se budto odpafi, nebo odtékaji jako povrchova voda.
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roadway courses fundamentally simplified transport and logistics
of machines and materials. The extensive space in front of the
portal allowed for placing not only the office building consisting
of containers, changing rooms for staff and a warehouse, but also a
mobile concrete batching plant and a repair shop with a refuelling
station and a space for washing mechanical equipment. Two tower
cranes for handling materials in the storage areas were erected
on the construction site. It was in addition necessary to prepare
a control room for the chief of rescue operations and liquidation
of possible emergencies, as well as a changing room with a stock
of gear and equipment for a team of rescuers assembled from
contractor’s employees, who had passed a special two-week
training (see Fig. 3).

An explosives and detonators magazine was also built on the site.
Explosives were stored in four concrete bunkers (each for 1000kg of
explosives). Detonators were stored in a container designed for this
purpose (for storing 10,000 pieces of detonators as the maximum),
in which an alarm and safety equipment alerting through a mobile
phone to unauthorised entries was installed. Storage spaces were
covered with big bags filled with sand for safety reasons (see
Fig. 4). The whole magazine had to be fenced and locked.

Foul water is pumped to a cesspool located above the tunnels,
from which it flows by gravity through several settling tanks, an
oil separator and a neutralisation station, and ends in a retention
basin, from which it either evaporates or flows away as surface
water.

The construction site approach and exit ramps lead directly to
the A98 motorway and the perfect cleanness of exiting vehicles has
to be taken care of for safety reasons. This is why two automatic
pressure wheel washing stations were established, first one on the
exit from the space of the intermediate stockpile in front of the
eastern portal of the tunnel and the other just before the entry to
the motorway.

Establishment of the stockpile and disposing of materials
excavated from the cuttings and the tunnel was also part of the
contract. The stockpile for disposal of the materials is located at the
distance of ca 10km from the tunnel. This stockpile was continually
used for disposing materials from the construction of the whole
motorway section. The total volume of the deposited material
amounts nearly to 2 million m?. The stockpile was gradually
reclaimed and incorporated back into the surrounding biotope. The
part of the stockpile operated by us was covered with a layer of
humus immediately after the end of depositing materials on it, and
was seeded with grass suitable for pasture of horses from a nearby
farm (see Figures 5a and 5b).

Temporary portals (pre-cuttings)

It was necessary to create two pre-cuttings in the locations of
the future portals prior to commencing the excavation of the tunnel
tubes. Both pre-cuttings are only temporary; they are stabilised
with grouted soil nails installed at 3x3m grid, and a 150mm
respectively 200mm thick layer of C25/30 shotcrete, which was
perforated so that free flowing of groundwater through it was
possible. Drilling for a spiling umbrella (two tiers, 8m long spiles)
was carried out on both the eastern side and western side and a pre-
tunnel canopy was constructed for stabilisation of the portals. The
pre-tunnel canopy was founded on 500mm deep footings. It was
constructed from load-bearing lattice girders, welded mesh and a
400mm thick shotcrete layer. Geomonitoring of both cuttings was
conducted by surveyors measuring the movements of convergence
points installed on both sides of the cuttings. In the eastern cutting,
this measurement was conducted manually once a week, whilst the
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Obr. 5a Oblast deponie v pritbéhu vystavby
Fig. 5a Area of the stockpile during the construction

Najezd na staveni$té a vyjezd z néj vede pfimo na dalnici A98,
z tohoto diivodu se kvili bezpecnosti provozu musi dbét na vyso-
kou cistotu vyjizdé€jicich vozidel. Proto byly zfizeny dvé automa-
tické tlakové mycky kol — prvni na vyjezd z prostoru mezideponie
pfed vychodnim portdlem tunelu a druha tésné pied vjezdem na
dalnici.

Soucasti zakazky bylo i vybudovani deponie a deponovani vy-
rubaného materidlu ze zafezl a tunelu. Vlastni skladka pro ulo-
Zeni materidlu se naléza v cca 10km vzdalenosti od tunelu. Tato
skladka byla pribézné pouZzivana pro ukladani materidlu ze stavby
celého useku dalnice. Celkovy objem uloZeného materidlu je bez-
mala 2 mil. m®. Postupné byla skladka rekultivovdna a zaCleovana
zpét do okolniho biotopu. Cést deponie provozovana zhotovitelem
se ihned po ukonceni ukladani materidlu zakryla vrstvou humusu
osetého travinami vhodnymi pro pastvu koni z nedalekého statku
(obr. 5a+5b).

Obr. 5b Oblast deponie po rekultivaci tizemi
Fig. 5b Area of the stockpile after reclamation

western cutting was surveyed automatically every 12 hours by a
permanently installed measurement station.

The eastern cutting, from which the driving of both tunnel tubes
was to be started, was excavated first (June 2017). Significant
optimisation was applied to the northern tube. The risky excavation
under the protection of a canopy tube pre-support umbrella under
very shallow and heavily weathered overburden (the blue part)
was abandoned. Instead, the cutting was extended and deepened —
the blue part, thus the length of the mined section of the northern
tunnel tube was reduced approximately by 30m (see Fig. 6).

3D photogrammetry survey using a drone was conducted prior
to the commencement of the excavation of the western cutting.
It found out that local landslides caused by the action of surface
water on heavily weathered rock happened. The cause of the
changes lay in the earthmoving operations up the tunnel portal
conducted earlier, within the framework of the construction of the
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ptdorys - vychodni portal
\ ground plan - easter

previous motorway section over
nportal | 10 years before. Because one of
Pl . 1 . the landslides extended up to the

r area of the originally planned
mined section of the northern
tunnel tube, the geometry of the
cutting had to be modified. In
contrast with the modification
of the eastern cutting, in this
case the overburden was only
partially removed and the area
of the future breakthrough was
spanned by a reinforced concrete
structure (6.67m long), using the
s . so-called “tortoise shell” method
— cover-and-cut (see Fig. 7). For
the  above-mentioned
the work on the western cutting
could be commenced as late as
September 2017. The geometry
of the upper excavation benches
was changed, the widths of the
berms was increased during the
work operations so that other

reason

Obr. 6 Zména délky hloubeného tiseku severni trouby ve vychodnim zdrezu

Fig. 6 Changed length of the cut-and-cover section of the northern tunnel tube in the eastern cutting

complications which could be
caused by local landslides were




Provizorni portaly (pifedzarezy)

Pred zahijenim razeb tunelovych trub bylo
zapotiebi v misté budoucich portald vytvorfit
dva zarezy. Oba zafezy jsou pouze docasné,
jsou zajistény injektovanymi zemnimi hiebi-
ky v rastru 1,5x1,5 m a vrstvou stifkaného
betonu C25/30 tl. 150 a 200 mm, jeZ byla,
pro umoznéni volného protékani podzemnich
vod, perforovand. Pro zajiSténi portdli byl na
obou troubéch navrtan na vychodni i zapadni
strané jehlovy deStnik (dvé rady, délka 8 m)
a vybudovan tzv. predstitek. Predstitek kalo-
ty byl zaloZen na zékladové pasy o hloubce
500 mm, zkonstruovdn byl z pifhradovych
nosnych ramt, svafovanych ocelovych siti a
stifkaného betonu o celkové tloustce 400 mm.
Geomonitoring obou zafezii byl provadén
geodetickym méfenim pohybl konvergenc-
nich bodii umisténych na sténach zarezl. Ve
vychodnim zafezu bylo toto méfeni provadeé-
no manudlné jednou tydné a v zdpadnim au-
tomaticky kazdych 12 hodin trvale umisténou
méfici stanici.

Jako prvni byl hlouben vychodni zarez (Cerven 2017), ze kterého
bylo naplanovano zacit i razby obou trub. Zde doslo u severni trou-
by k velké optimalizaci. Upustilo se od rizikové razby pod ochran-
nym mikropilotovym deStnikem s velice nizkym a silné zvétralym
nadloZim — modra ¢ast. Misto toho doslo k roz§ifeni a prohloubeni
zafezu, a tim zkraceni razené Casti severni tunelové trouby pfibliz-

né o 30 m — Cervena Cast (obr. 6).

Pred provadénim praci na zdpadnim zérezu bylo provedeno 3D
fotogrammetrické zaméreni dronem. Vysledkem bylo zjisténi, Ze
doslo k lokdlnim sesuviim zapifi¢inénym pisobenim povrchové
vody na silné zvétralé horniny. Pfi¢inou téchto zmén bylo prove-
deni zemnich praci az k tunelovému portalu jiz v rdmci vystavby
predchoziho useku délnice pred vice nez 10 lety. ProtoZe jeden ze
sesuvl zasahoval az do oblasti ptivodné planované razené Césti se-
verni trouby, musela byt geometrie zafezu upravena. Na rozdil od
upravy geometrie vychodniho zafezu zde doslo jen k ¢aste¢nému
odtéZeni nadloZzi a preklenuti oblasti budouci prorazky Zelezobeto-
novou konstrukci (délky 6,67 m) tzv. Zelvou (obr. 7). Z té€chto di-
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Herrschaftsbucktunnel — zapadni pfedzéafez —
severni trouba, opatfeni zajisténi zvétralého nadlozi
western pre-cutting - northern tube —
measure stabilising the weathered overburden

pfiény fez cross-section
osa tunelu severni trouba 15+084,00
northern tunnel tube axis 15+084,00

pfechod predstitku a hloubeného
Useku s Zelvou
transition between the pre-cutting
and cut-and-cover section
with the “tortoise shell”

....... celkové odtézeny material
------- total excavated volume
» dodate¢né odtézeny materidl 77 m?
r-Zéé'addniona\ly excavated volume 77m?
« dodate¢né zasypani 61 m?
NN ditonal backiil 61me

/' J konstrukce Zelvy v oblasti horni

- -!(Ienby 18 m?

|

| ety 18me

| - ‘tortoise shell” structure in the area
B of upper vault 18m?

10 5 0 5 10 15 [m]

VE= 360.00

Obr. 7 Schéma — pricny Fez Zelvou a horninou k odtézeni
Fig. 7 Diagram — cross-section through the cut-and-cover and the rock to be removed

prevented. After deepening the cutting to the fourth berm, the whole
slope between the southern and northern tubes started to move and
several continually enlarging cracks appeared in the in the adjacent
slope (see Fig. 8). The earthwork operations at the base of the slope
were temporarily interrupted, the so-called surcharging berms were
left in place and 12m long rock bolts reaching up to the primary
lining of the southern tube were installed with the objective to
partially stabilise the excavation. The definitive stabilisation of
the sliding slope was achieved only after the southern tunnel tube
breakthrough by excavating its bottom and closing the tunnel lining
ring within the critical section.
Tunnel excavation

The excavation of both tunnel tubes proceeded from the eastern
portal towards the western portal; the excavation commenced in
August 2017 and was finished in April 2018. The excavation faces
in the northern double-lane tunnel tube as well as the southern
triple-lane tube were divided horizontally into top heading, bench
and bottom.

Obr. 8 Predstitek jizni tunelové trouby v zdpadnim zdrezu (nad nim jsou patrné

trhliny vzniklé pohybem svahu)

Obr. 9 Celba kaloty — geologicky profil severni trouba
Fig. 9 Top heading excavation face — geological profile of the northern tunnel
tube

Fig. 8 Pre-tunnel canopy at the southern tunnel tube in the western cutting
(cracks caused by the slope movements are visible above it)
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technologicka tfida 6A.2 - jizni tunelova trouba
excavation support class 6A.2 — southern tunnel tube

jehly pro zajisténi horni klenby — pfedvhanéné trouby, délka 4 m
a=0,30m, e =1,25m, 20-30 kust/zabér

upper vault support — forepoling tubes L=4m

a=0.30m, e = 1.25m, 20-30 pieces/excavation round
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// radial anchors a=1.5m
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technologicka tida 6A.2 — severni tunelova trouba
excavation support class 6A.2 — northern tunnel tube

jehly pro zajisténi horni klenby — pfedvhanéné trouby, délka 4 m
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Obr. 10 PFicny ez zajisténim vyrubu pri razbé ve tiidé 6A.2 — jizni + severni tunelovd trouba
Fig. 10 Cross-section through the excavation support for support class 6A.2 — southern + northern tunnel tubes

In the northern tube, the total
excavated cross-sectional area amou-
nted to 100m?; of this area top heading
64m?, bench 29m? and bottom 14m?. In
the southern tube, the total excavated
area amounted to ca 160m? of this
area top heading 78m?, bench 64m?
and bottom 24m? (see Fig. 9).

The designer proposed seven ex-
cavation support classes in total and
the ground environment was cate-
gorised into them. The excavation
support categorisation into individual
classes was practically identical for
both tunnel tubes:

4A.1 and 4A.2 — unused in cases
of encountering very favourable
conditions;

6A.1 —unused;

6A.2 — used with modifications
applied to 80% of the tunnel length;
excavation face disintegration was
carried out mechanically or using
blasting in the sequentially excavated
profile; the face was supported with
a 50mm thick layer of shotcrete. The
excavation vault was supported in
each excavation round with forepoling
formed by S235 JR tubes with the
outer diameter of 38mm, 4mm thick
walls, installed at 300mm spacing
(the tubes were replaced with spiles
from 4m long concrete reinforcing
bars 32mm in diameter (20-30 pieces
per round). The excavation round
length amounted to 1.25m. The top
heading lining was provided by 165-
30-20/200 lattice girders made of
steel grade B500B (centre to centre
spacing = excavation advance length),
two layers of Q257A KARI welded
mesh and two layers of C25/30,
XC3, XF1 shotcrete with the total
thickness of 300mm. SN-type grouted
rock bolts 25mm in diameter and 4m
long were used for radial anchoring
(11 respectively 12 pieces for the
northern tube and 14 respectively
15 pieces for the southern tube per
one excavation advance length. The
radial spacing amounted to 1.5m and
the load bearing capacity of 150kN
was designed. The enlargement of the
top heading footings width to form the
so-called “elephant foot” was carried
out as needed. The bench and bottom
excavation was carried out without
dependence on the distance of the
excavation face. Identical rules as those
designed for the top heading were
applied to the lining of the bench. The
excavation round length in the bench




Obr. 11 Protiklenba budovand v kaloté (falesné dno)
Fig. 11 Invert constructed in the top heading (false bottom)

vodl mohly byt price na zdpadnim zafezu zapocCaty az v listopadu
2017. Pro ptedejiti dal§ich komplikaci, které mohly byt zptisobeny
lokéalnimi sesuvy, byla v pribéhu praci zménéna geometrie hornich
etazi, které byly rozsiteny. Po prohloubeni zarezu na Ctvrtou etdz se
zacal pohybovat cely svah mezi jiZni a severni tunelovou troubou,
objevilo se nékolik stale se zvétSujicich trhlin v zajiSténi prileh-
1ého svahu (obr. 8). Pro Caste¢nou stabilizaci byly v paté tohoto
svahu docasné ukonceny zemni prace, zanechdny tzv. pfitéZovaci
lavice, déle bylo provedeno kotveni 12 m dlouhymi svorniky aZ
do primarniho osténi jizni trouby. Definitivné stabilizovat se tento
sesouvajici se svah podafilo aZ po prordzce jizni tunelové trouby
vyrazenim jejiho dna, a tim uzavienim prstence tunelového osténi
v kritickém tseku.

Razba tunelu

Razby obou trub probihaly od vychodniho portalu k zapadnimu,
razby zadaly v srpnu 2017 a dokonéeny byly v dubnu 2018. Celba
byla jak v severni dvoupruhové troubé, tak v jizni tfipruhové troubé
horizontalné ¢lenéna na kalotu, lavku a dno.

Severni trouba méla celkovou plochu vyrubu cca 100 m?, z toho
kalota 64 m?, lavka 29 m? a dno 14 m?. JiZni trouba méla celkovou
plochu vyrubu cca 160 m?, z toho kalota 78 m?, lavka 64 m? a dno
24 m? (obr. 9).

Projektantem bylo navrZeno celkem sedm technologickych tfid,
do kterych se zatfidovalo zastizené horninové prostiedi. Pro obé
tunelové trouby je navrzené zajisténi v jednotlivych tfidach prak-
ticky stejné:

4A.1 a4A.2 — pri zastiZeni velice dobrych podminek, nepouZito;

6A.1 — nepouZito;

6A.2 — pouzito s modifikacemi v 80 % délky tunelu, rozpojo-
vani Celby strojné nebo pomoci trhacich praci v ¢lenéném profilu,
zajisténi Celby 50 mm vrstvou stiikaného betonu. Zajisténi klenby
v kazdém zabéru predhanénymi rourami S235 JR s vnéjSim pri-
mérem 38 mm tl. 4 mm s rozestupy 300 mm (roury byly nahrazeny
jehlami z betonarské oceli o priméru 32 mm) délky 4 m v poctu
20-30 ks na jeden zabér. Délka zabéru Cinila 1,25 m. Osténi kalo-
ty bylo zajisfovano prihradovym nosnikem 165-30-20/200 z oceli
B500B (osova vzdalenost = délka zabéru), dvéma vrstvami KARI
siti Q257A a dvéma vrstvami stfikaného betonu C25/30, XC3,
XF1 o celkové mocnosti 300 mm. Pro radidlni kotveni byly pouZi-
ty injektované svorniky typu SN o priméru 25 mm, délky 4 m pro

severni troubu v poctu 11, resp. 12 ks a pro jizni troubu 14, resp.
15 ks na jeden zabér. Radidlni vzdalenost byla 1,5 m a navrZena
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was set at 2.5m (twice as much as the length of the excavation
round in the top heading). The bottom was supported without radial
anchoring, with one Q257A welded mesh layer inserted into the
structure and a 100mm thick layer of C25/30, XC3, XF1 shotcrete.
The excavation advance round was twice as long as the excavation
round in the bench (5m) (see Fig. 10);
7A.1 class — used in worsened conditions for 20% of the
tunnel length. Excavation round length of 1.0m was adhered to.
Excavation face was disintegrated only mechanically, without
blasting. The face excavation was supported with a 70mm thick
layer of shotcrete with QI88A welded mesh inserted in it.
Excavation face was anchored with 8m long IBO R32-250 self-
drilling anchors (the quantity as needed) installed in each fourth
excavation round. The vault was supported with forepoling — 30—
40 pieces of S235 JR tubes with internal diameter of 38mm and
4mm thick walls, spaced at 300mm (the tubes were replaced with
concrete reinforcement bars 32mm in diameter). The lining was
supported with 165-30-20/200 lattice girders made of BSOOB grade
steel (the centre to centre spacing = excavation round length), two
layers of Q335A KARI welded mesh and two layers of C25/30,
XC3, XF1 shotcrete, 350mm thick in total. Radial anchoring was
carried out using 4m long SN-type groutable rock bolts 25mm in
diameter, 15 respectively 16 pieces for the northern tunnel tube
and 17 respectively 18 pieces per one round for the southern tunnel
tube. The radial spacing of 1.5m and the load-carrying capacity
of 150kN were used. The enlargement of the top heading footings
width by 700mm to form the so-called “elephant foot” was carried
out, using Q257A welded mesh reinforcement. Closing of the top
heading profile with an invert, the so-called false bottom with the
thickness and reinforcement identical with that applied to the top
heading lining, was carried out in every other excavation round (see
Fig. 11). Owing to the false bottom, it is not necessary to excavate
the bench in dependence on the distance from the excavation face.
Rules applicable to the lining of the bench are identical with the
rules applied to the top heading. The excavation round length in
the bench amounts to 2.0m (twice as long as the length of the
round in the top heading). The bottom excavation had to follow
after maximally 6 excavation rounds behind the bench excavation.
The bottom excavation was supported with two layers of Q335A
welded mesh and a 350mm thick layer of C25/30, XC3, XFI
shotcrete. The length of the excavation round is identical with the
excavation round length in the bench (2.0m);
7A.2 unused, similarly to 7A.1, in addition with anchoring of the
enlarged-width of the top heading footing;
7A.3 unused, the excavation under canopy tube pre-support.
The following division of tunnels was applied, depending on the
type of construction and the excavation support classes applied:
Northern tunnel tube viewed according to chainage (TM — tunnel
metres) from the eastern portal:
* TM 0.00 — TM 43.92 cut-and-cover section — eastern portal;
e TM 43.92 — TM 48.22 pre-tunnel canopy area — eastern portal;
e TM 48.22 — TM 51.22 class7A.1;
e TM 51.22 — TM 239.97 class 6A.2;
e TM 239.97 — TM 251.22 class 6A.2 (enlarged width at the
Cross passage);
e TM 251.22 — TM 448.72 class 6A.2;
e TM 448.72 — TM 460.82 class 7A.1;
e TM 460.82 — TM 467.49 excavation under the so-called
“tortoise shell”;
e TM 467.49 — TM 471.08 pre-tunnel canopy — western portal;
e TM 471.08 — TM 485.00 cut-and-cover section — western
portal.
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Obr. 12a Otevirdni a zajistovdni Celby po Cdstech pri zhorSeni horninového
prostiedi (jiZni trouba)

Fig. 12a Sequential opening and supporting the excavation face in worsened
ground environment (southern tunnel tube)

Yoy

unosnost 150 kN. Rozsifeni paty kaloty do tzv. sloni nohy bylo
realizovano podle potieby. Lavku a dno nebylo potfeba dobirat
v zavislosti na vzdalenosti od ¢elby. Pro osténi lavky platila stejna
pravidla jako pro kalotu. Délka zabéru v jadfe byla stanovena na
2,5 m (2x délka zabéru v kaloté). Zajisténi dna bylo realizovano
bez radidlniho kotveni, s jednou vloZenou siti Q257A a 100 mm
silnou vrstvou stfikaného betonu C25/30, XC3, XF1. Délka zabéru
byla dvojnasobnd nez délka zabéru v jadie (5 m) (obr. 10);

7A.1 — pouzito pii zhorSenych podminkach v 20 % délky tunelu.
Délka zabéru 1,0 m. Rozpojovani celby pouze strojné bez pouZi-
ti trhacich praci. Zajisténi celby 70mm vrstvou stifkaného betonu
s vloZenou siti Q188A. Kotveni ¢elby samozavrtnymi kotvami IBO
R32-250 v délce 8 m v poctu podle potieby, realizované v kazdém
4. zabéru. Zajisténi klenby v kazdém zébéru predhanénymi rou-
rami S235 JR s vnéj§im primérem 38 mm tl. 4 mm s rozestupy
300 mm (roury byly nahrazeny jehlami z betonaiské oceli o pru-
méru 32 mm) délky 4 m s rozestupy 300 mm, v poctu 30—40 ks.
Osténi zajiSfovano piihradovym nosnikem 165-30-20/200 z oceli
B500B (osova vzdalenost = délka zabéru), dvéma vrstvami KARI
siti Q335A a dvéma vrstvami stiikaného betonu C25/30, XC3, XF1
o celkové mocnosti 350 mm. Pro radidlni kotveni byly pouzity in-

Obr. 13 Razba ldvky severni trouby
Fig. 13 Northern tube bench excavation

L S R o
Obr. 12b Otevirdni a zajistovdni celby po Cdstech pri zhorSeni horninového
prostiedi (severni trouba)
Fig. 12b Sequential opening and supporting the excavation face in worsened
ground environment (northern tunnel tube)

Southern tunnel tube divided as follows:

* TM 0,00 — TM 18,00 cut-and-cover section — eastern portal;

* TM 18,00 — TM 23,94 cut-and-cover section — eastern portal;

e TM 23,94 — TM 25,30 class 7A.1;

* TM 25,30 — TM 209,05 class 6A.2;

e TM 209,05 — TM 219,05 class 6A.2 (enlarged width at the

Cross passage);

e TM 219,05 — TM 424,55 class 6A.2;

e TM 424,55 — TM 453,46 class 7A.1;

e TM 453,46 — TM 459,20 pre-tunnel canopy area — western

portal;

e TM 459,20 — TM 475,63 cut-and-cover section — western

portal.

Class 6A.2 with minor modifications was used in the majority of
cases — the quantity of spiles in the umbrella was increased, 16m
long IBO anchors had to be installed even to the excavation face
and the face excavation sequence comprised more partial areas —
ranging from 2 to 7, applied as needed (see Figures 12a and 12b).
The top heading height in the northern tunnel tube was optimised
(the bench height was reduced by 1 m with the objective to accelerate
the work so that concreting of the final lining could start as early
as possible so that bigger and more powerful
mechanical equipment could be applied
(concretely Liebher 944 tunnel excavator).
Other optimisation lay in enlarging the width
of the cross passage through which moving
of the muck from the northern tunnel tube is
planned after the cross passage breakthrough.

The first work began in the northern tunnel
tube, whilst the excavation of the southern
tube commenced with a three-week delay.
Both tubes were driven on an uphill gradient.
The northern tube was driven in the following
sequence of time: top heading excavation
up to the area just behind the cross passage,
initial two rounds of excavation of the cross
passage (securing the side stub), excavation
of the bench from the eastern portal up to the
cross passage, after completion, excavation of
the bottom backward from the cross passage
towards the eastern portal. After completion



jektované svorniky typu SN o priméru 25 mm, délky 4 m pro se-
verni troubu v poctu 15, resp. 16 ks a pro jizni troubu 17, resp. 18 ks
na jeden zabér. Radidlni vzdalenost byla 1,5 m a navrZena unosnost
150 kN. Rozsiteni paty kaloty do tzv. sloni nohy o 700 mm s vloZe-
nou siti Q257A. Kazdé dva zabéry uzavirani kaloty protiklenbou,
tzv. faleSnym dnem o stejné tloustce a se stejnou vyztuzi jako osté-
ni kaloty (obr. 11). Lavku diky faleSnému dnu neni potfeba dobirat
v zavislosti na vzdalenosti od Celby. Pro osténi lavky plati stejna
pravidla jako pro kalotu. Délka zabéru v jadre je 2,0 m (2x délka
zabéru v kaloté). Dno muselo nasledovat maximalné 6 zabéru za
razbou lavky. Zajisténi dna by bylo bez radidlniho kotveni, s dvéma
vrstvami vloZenych siti Q335A a 350 mm silnou vrstvou stiikané-
ho betonu C25/30, XC3, XF1. Délka zabéru byla stejna jako délka
zabéru v lavici (2,0 m);

7A.2 nepouzito, obdobné jako 7A.1 navic s kotvenim rozsifené
paty kaloty;

7A.3 nepouzito, razba pod ochrannym mikropilotovym destni-
kem.

Clenéni tuneld podle typu vystavby a podle pouZitych technolo-
gickych tfid bylo nasledujici.

Severni tunelova trouba podle staniceni od vychodniho portalu:

e TM 0,00 — TM 43,92 hloubeny usek — vychodni portal;

* TM 43,92 — TM 48,22 oblast predstitku — vychodni portal;

° TM 48,22 - TM 51,22 tfida 7A.1;

* TM 51,22 — TM 239,97 tfida 6A.2;

e TM 239,97 — TM 251,22 tfida 6A.2 (rozsifeni v misté tunelové

propojky);

° TM 251,22 — TM 448,72 tiida 6A.2;

* TM 448,72 — TM 460,82 tiida 7A.1;

* TM 460,82 — TM 467,49 razba pod tzv. Zelvou;

e TM 467,49 — TM 471,08 oblast predstitku — zdpadni portal;

e TM 471,08 — TM 485,00 hloubeny tsek — zdpadni portal.

Jizni tunelova trouba byla rozdé€lena takto:

e TM 0,00 — TM 18,00 hloubeny tsek — vychodni portal;

* TM 18,00 — TM 23,94 oblast predstitku — vychodni portal;

* TM 23,94 — TM 25,30 tiida 7A.1;

* TM 25,30 — TM 209,05 tfida 6A.2;

e TM 209,05 - TM 219,05 tiida 6A.2 (rozsifeni v misté tunelové

propojky);

* TM 219,05 — TM 424,55 tiida 6A.2;

° TM 424,55 - TM 453,46 tiida 7A.1;

e TM 453,46 — TM 459,20 oblast predstitku — zdpadni portal;
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of the bottom excavation it was possible to start concreting of the
final lining in the northern tunnel tube in the direction of the eastern
portal. Further on, the top heading excavation continued up to the
northern tube breakthrough at the western portal (January 2018).
The bench and bottom excavation was completed subsequently
(see Fig. 13). The excavation heading was supplied and muck was
moved from this part of the northern tube through the cross passage
and the southern tube. The excavation in the southern tunnel tube
proceeded in the following sequence: the excavation of the top
heading from the eastern cutting just behind the cross passage,
the excavation was deepened in the area of the cross passage and
ramps were carried out. The cross passage excavation broke to the
northern tunnel tube subsequently. Then the top heading excavation
continued up the southern tube breakthrough at the western portal
(March 2018) and, in the end, the excavation of the bench and
bottom was finished throughout their length.

Blasting was used in the sections where it was not possible to
disintegrate the rock with a tunnel excavator. The majority of shot
firing cases was applied in parts, not to the whole top heading
profile. Riohit AL emulsion explosive was used for the blasting
operations. Blasting operations in the northern tube started
approximately 100m from the eastern portal, whilst in the southern
tunnel tube they started ca 50m from the eastern portal. In the
top heading of the northern tunnel tube, blast holes were loaded
with 40kg of explosive per excavation round; in the top heading
of the southern tube the maximum of 80kg of explosives was used
per excavation round. A V-cut blast pattern was used. The non-
electrical firing system with one initiation electric detonator was
used. Maximum number of excavation rounds per day amounted to
three (3.75m) in the southern tunnel tube and four (5.00m) in the
northern tunnel tube. Blasting was also applied to the excavation
of the bench and bottom, with the drilling, loading of holes and
disintegration of the bottom carried out simultaneously with the
work on the bench. The disintegrated rock from the bench was
removed continually; the muck on the bottom was left in place.
After the completion of the excavation of the bench, it was no more
necessary to drill blast holes and load them with explosives. The
muck was only removed and the excavation contour was scaled
mechanically.

An automated total station and a tablet with the software
supplied by AMBERG were applied to land surveying purposes.
Tunnelling crews were able to work with this system independently,

without necessity for physical presence of a

pracovisté workplace ~ HBT

tunel tunnel severni trouba northern tube
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surveyor, who conducted only setting of the
system, subsequent downloading of data and
regular inspections including measuring of
convergences. The main objectives of the
survey were lattice girders being erected and
the size of the excavated cross-section. In
addition, the excavation and the following
primary lining structure were scanned.
Convergence points for monitoring defor-
mations were installed on the primary lining.
Because of the expectation of the occurrence
of karstic phenomena, holes 10m long were
drilled each third excavation round into the
top heading, bench and bottom face advance
core, always five pieces. A standard drill rig
Atlas Copco Rocket Boomer E2C with the
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Obr. 14 Vyhodnoceni dat namérenych zarizenim MWD (vystup z programu Underground Manager)
Fig. 14 Assessment of data measured with MWD technology (output from the Underground Manager

software)

MWD technology (Measurement While
Drilling) installed on it (see Fig. 14), used
for recording the thrust of bites, consumption
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* TM 459,20 — TM 475,63 hloubeny tsek —

zapadni portal.

Ve vétsiné délky obou trub byla pouzita
tfida 6A.2 s drobnymi modifikacemi — bylo
zvétSeno mnozstvi jehel v desStniku, musela
byt kotvena i ¢elba IBO kotvami 16 m dlou-
hymi a celba byla Clenéna podle potieby na
vice dil¢ich ploch — od dvou az do sedmi (obr.
12a+12b).

Z davodu co nejvyssi akcelerace praci,
proto aby betondze definitivniho osténi moh-
ly zacit co mozna nejdfive, doslo jesté pred
zapocetim razeb k optimalizaci vysky kaloty
v severni roufe (sniZzeni vysky lavky) o 1 m,
aby bylo mozné nasadit vétsi a silnéjsi me-
chanizaci, konkrétné tunelbagr Liebher 944.
Dile doslo k optimalizaci — rozsifeni tunelové
propojky, pres kterou byla napldnovdna po
prorazce propojky té€zba rubaniny ze severni
trouby.

Nejprve byla zahdjena razba na severni tunelové troubé, razba
jizni trouby byla zahdjena s tfitydennim odstupem. Obé trouby
byly razeny dovrchné. Severni trouba byla razena v tomto caso-
vém sledu — razba kaloty do oblasti t€sn¢ za propojku, prvni dva
zabéry propojky (zajisténi rozrazky), razba lavky od vychodniho
portalu k propojce, po dokonceni razba dna pozpatku od propojky
k vychodnimu portalu. Po dokonceni razby dna bylo moZno zahdjit
betonaZe definitivniho osténi v severni tunelové troubé smérem od
vychodniho portalu. Déle pokracovala razba kaloty az do prorazky
severni trouby na zdpadnim portalu (leden 2018) a poté se dorazila
i lavka a dno (obr. 13). Zasobovani Celby a odvoz rubaniny této
Casti severni trouby probihaly skrze propojku a jizni troubu. Razby
v jizni tunelové troubé mély toto poradi — razba kaloty z vychodni-
ho zafezu tésné za propojku, v prostoru propojky doslo k prohlou-
beni a vybudovani ndjezdovych ramp. Poté byla prorazena propoj-
ka do severni tunelové trouby. Nésledné pokracovala razba kaloty
az k proraZeni jizni trouby na zdpadnim portalu (bfezen 2018) a na-
konec byla v celé délce dobrana lavka a dno.

V mistech, kde nebylo moZné rozpojovat horninu tunelovym
rypadlem, byly vyuZity trhaci prace, vétSina odpall Celby kaloty
nebyla realizovadna na cely profil kaloty, ale po ¢astech. Pro trhaci
prace byla pouzita emulzni trhavina Riohit AL. Trhaci prace byly
zapocaty v severni troubé priblizné 100 m od vychodniho portalu
a v jizni troubé cca 50 m od vychodniho portalu. V kaloté severni
trouby bylo nabijeno do 40 kg trhavin na jeden zébér, v kalot€ jizni
trouby to bylo maximalné 80 kg trhavin na jeden zébér. Typ zdlomu
byl poZivan sbihavy — klinovy. Typ roznétu byl neelektricky s jed-
dosahovano maximalnich vykonil tfi zabéry (3,75 m) a v severni
Ctyfi zabéry (5,00 m) denné. Trhaci prace byly vyuzity i pfi razbé
lavky a dna, pfic¢emz bylo dno vrtano, nabijeno a rozpojovano sou-
Casné s lavkou. Rozpojena rubanina lavky se odtézovala pribézné,
rubanina ve dné se nechdvala na misté. Po dokonceni razby lavky
jiz nebylo nutné dno znovu vrtat a nabijet, ale bylo pouze odtéZeno
a strojné doprofilovano.

Pro zeméméficské prace byl nasazen systém automatizované to-
talni stanice + tabletu se softwarem dodavanym firmou AMBERG.
S timto systémem mohly na Celbé pracovat osadky samostatné bez
nutnosti fyzické pfitomnosti geodeta, ktery provadél pouze nasta-
vovani systému, nésledné stahovani dat a pravidelné kontroly v¢.
méfeni konvergenci. Takto byly zamérovany zejména piihradové

Obr. 15 Zdchrannd kapsle
Fig. 15 Rescue capsule

of flushing water, flushing water pressure, drilling rate and other
parameters monitored during the course of drilling. This data could
be downloaded from the computer on the rig to an USB disk and
it was possible to assess on its base whether a natural cavern was
or was not hit and, at the same time, to assess changes in the rock
environment.

According to safety regulations, each tunnel tube had to
be equipped with the so-called “rescue capsule” during the
excavation. It was a resistant airtight container to which the crew
(up to 16 persons) could be enclosed in a case of the occurrence
of non-breathable atmosphere to survive in it until the help got to
it. This “capsule” had its own source of air in pressure cylinders
and the atmosphere inside would have to be maintained in a slight
positive pressure condition in a case of the use. The usability
duration always depends on the number of sheltered persons
(information table installed inside the container). The use was
assumed only for the case of a fire in the tunnel, the affected tunnel
tube had to be vacated. The container was installed on two skids
and it was therefore very easy to move it during the excavation
(see Fig. 15).

Waterproofing

Two different waterproofing systems are used in the mined part
and the cut-and-cover section. Water retaining concrete structure
made of C30/37 XF2, XC4, XD1, GK16, WUB — KO, WA concrete
was designed for the cut-and-cover part. An FMS 400 central
waterbar with two perforated FUKO hoses type ECO 1 @ 6mm was
inserted into expansion joints between the blocks so that additional
sealing by grouting was possible. A 300x2mm S235JR steel sheet
with one inserted perforated FUKO hose type ECO 16mm was
inserted into the middle of horizontal construction joints so that
grouting was possible in the future.

PE membrane waterproofing was used in the mined section. It
consisted of two layers in the vault and three layers in the bottom.
The first layer, which was placed directly on shotcrete, was formed
by geotextile, which had only a protective function. The second
layer formed by 3mm thick KDB PE welded membrane was placed
on it. All welds of this layer were tested either by pressure or
vacuum tests — the pressure of 2.5bar. The bottom was in addition
provided with a third protective layer, also a PE membrane. It
was welded to the sub-base only partially, which means that
this layer had no waterproofing function. Movement of water
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Obr. 16a Vzorovy pricny fez, definitivni osténi — severni trouba
Fig. 16a Typical cross-section, final lining — northern tube
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Obr. 16b Vzorovy pricny fez, definitivni osténi — jizni trouba
Fig. 16b Typical cross-section, final lining — southern tube




Obr. 17 S i vyztuz, hloubeny iisek, severni tunelovd trouba

Fig. 17 Self-supporting reinforcement, cut-and-cover section, northern tunnel tube

ramy pii stavéni a velikost vyrubu. Vyrub a poté i primarni osténi
bylo také skenovano.

Primérni osténi bylo osazeno konvergen¢nimi body pro monito-
rovani deformaci. Kvili pfedpokladu vyskytu krasovych jeva bylo
kazdy tfeti zabér vrtano predpoli kaloty, 1avky i dna vZdy péti vrty
dlouhymi 10 m. Pro vrtani téchto vrt byl pouZit standardni vrtaci
viz Atlas Copco Rocket Boomer E2C s nainstalovanym zafize-
nim MWD (obr. 14) pro zdznam parametrii jako pfitlak korunky,
spotieba vody pro vyplach, tlak vody pro vyplach, rychlost vrtani
a dalsi parametry z prab&hu samotného vrtani. Tato data bylo moz-
no stdhnout z pocitace stroje na USB disk a poté na jejich zakladé
vyhodnocovat, zda byla nebo nebyla zasazena néjakd piirodni ka-
verna a zaroven i zmény horninového prostredi.

KaZzd4 tunelova trouba musela byt, podle bezpe¢nostnich predpi-
st, v pribéhu razeb vybavena tzv. zachranou kapsli. To byl odolny
vzduchotésné uzaviratelny kontejner, do kterého se v pripadé vy-
skytu nedychatelného ovzdusi mohla uzavfit osadka (az 16 osob)
a v ném preckat, dokud se k ni nedostane pomoc. Tato ,,kapsle*
méla vlastni zdroj vzduchu v tlakovych lahvich a pii pouziti by
musela byt atmosféra uvnitf vZzdy udrZovdna v mirném pietlaku.
Doba vyuZitelnosti vZdy zdleZi na poctu ukrytych osob (v kontej-
neru umisténa tabulka). PouZiti se predpokladalo pouze pro piipad

Obr. 18a Forma pro betond? protiklenby
Fig. 18a Formwork for concreting the invert

between individual blocks is prevented at
construction/expansion joints by SAA 600/6
waterbars with two inserted grouting hoses
FUKO type ECO 1 @ 6mm. In the blocks
directly linking to the cut-and-cover part, the
waterbars were incorporated not only into the
joint between the blocks, but two additional
waterbars were incorporated directly to the
block.

The construction joint between individual
blocks was treated with bituminous coating.
An ECO 1 @ 6mm hose was installed into the
construction joint between the bottom and the
vault so that later improving of the sealing
capacity was possible. Twelve hoses with
the inner diameter of 20mm were installed
into each waterbar for additional sealing.
Grouting through the hoses was perfor-
med immediately after concreting. Square
200x200mm pieces of the membrane with a
transition piece were welded to the waterproofing PE membrane
on 3x3m grid and a 3/4 flexible hose was connected to it (the
northern tunnel tube 20 pieces per block, the southern tunnel
tube 26 pieces per block), serving as a leakage checking system
and a system for simplification of possible later grouting without
interruption to traffic. The hoses protruded outwards from the
lining through the formwork before casting of concrete and were
subsequently cut flush with the internal surface of the final lining
(to be later plugged).

Tunnel drainage

The tunnel is being constructed as a waterproof structure. For
that reason only working drainage was carried out for drainage
purposes. This temporary tunnel drainage was solved by central
drainage DN300, which was installed outside the primary lining,
under the bottom (the invert). After the completion of the final
lining, the working drainage was filled with grout and sealed.
Passages through the waterproofing layers were solved by
a manhole hermetically closed by a stainless cover bolted to it and

sealing at the level of the waterproofing membrane.
Final lining

Concrete casting operations started from the eastern portal
in the northern tunnel tube, following the excavation after the

Obr. 18b Forma pro betond? protiklenby
Fig. 18b Formwork for concreting the invert




pozaru v tunelu, pfi problému by bylo nutnou postiZenou tunelo-
vou troubu opustit. Kontejner byl umistén na dvou lizinach, takze
bylo velice jednoduché jej premistovat a st¢hovat v pribéhu razeb
(obr. 15).

Hydroizolace

V raZené Casti a v hloubeném tuseku jsou pouZity dva rozdilné
systémy hydroizolace. Hloubeny usek byl navrZen jako vodone-
propustna betonova konstrukce z betonu C30/37 XF2, XC4, XDl1,
GK16, WUB — KO, WA. Do dilata¢nich spar mezi bloky byl vloZen
sttedovy pas — Fugenband FMS 400 se dvéma perforovanymi hadic-
kami FUKO typ ECO 1 @ 6 mm pro moznost pozdéjsiho dotésnéni
injektazi. Do stfedu vodorovnych pracovnich spar mezi klenbou
a dnem byl zabudovéin spéarovy plech 300x2 mm S235JR s jed-
nou vlozenou perforovanou hadickou FUKO typ ECO 1 @ 6 mm
pro moznost pozdéjsi injektaze.

V razené Casti byla pouZzita f6liovd hydroizolace — PE. Ta se
v klenbé sklddala ze dvou a ve dné ze tii vrstev. Prvni vrstvou
pokladanou piimo na stfikany beton byla geotextilie, kterd méla
pouze ochrannou funkci, na ni byla pokladéna druhd vrstva svaro-
vané folie KDB PE tl. 3 mm, vSechny svéry této vrstvy byly zkou-
Seny bud tlakovou, nebo vakuovou zkouskou — tlak 2,5 bar. Dno
bylo opatieno jesté tieti ochrannou vrstvou rovnéz z PE f6lie, jez
byla dohromady svafovana pouze ¢4stené, aby tato vrstva neméla
hydroizolaéni funkci. Pohybiim vody mezi jednotlivymi bloky za-
branuje v misté pracovnich/dilata¢nich spar na f6lii navareny pés
fugenband SAA 600/6 s dvéma vloZenymi injektdZnimi hadi¢kami
FUKO typ ECO 1 @ 6 mm. V blocich navazujicich pfimo na hlou-
benou ¢ast byly pasy fugenband zabudovédny nejen do spary mezi
bloky, ale i dalSi dva doplitkové byly umistény piimo do bloku.
Pracovni spira mezi jednotlivymi bloky byla oSetfena bitumeno-
vym natérem. Pracovni spara mezi dnem a klenbou byla osazena
hadickou ECO 1 @ 6 mm pro moznost pozdéjsiho dotésnéni in-
jektazi. Pro dotésnéni fugenbandd bylo do kazdého pasu osazeno
12 hadicek s vnitfnim primérem 20 mm, které byly zainjektovany
ihned po betondZi. Na hydroizola¢ni PE folii v celé razené casti
byly navareny v rastru 3x3 m ctvercové kusy félie 200 x200 mm
s prechodovym kusem a na né&j napojenou 3/4‘ flexibilni hadici
(severni trouba 20 ks/blok, jizni trouba 26 ks/blok), ktera slouZi
jako kontrolni systém netésnosti a systém pro zjednoduseni pripad-
né pozdé&jsi injektdZe za provozu tunelu. Hadice byly vyvedeny ven
z osténi pres formu pred betondZi a nasledné byly pouze zafiznuty
do urovné vnitiniho lice definitivniho osténi (pozdéji bude osazena
pouze tésnici zatkou).

Odvodnéni tunelu

Tunel je budovdn jako vodonepropustna konstrukce. Pro od-
vodnéni byla proto vybudovana pouze pracovni drendz. Toto pro-
vizorni odvodnéni tunelu bylo feSeno stfedovou drenazi DN300,
kterd byla zabudovana vné primarniho osténi pod dnem (spodni
klenbou). Po zhotoveni definitivniho osténi byla pracovni drenaz
zainjektovana a utésnéna. Prostupy pfes hydroizolaci byly feSeny
Sachtou, kterd byla neprodys$né uzaviena priSroubovanym nerezo-
vym vikem a tésnénim v urovni izolace.

Definitivni osténi

BetonaZ zapocala z vychodniho portdlu v severni tunelové roufe
v ndvaznosti na razby po prorazeni tunelové propojky a po vyraze-
ni dna mezi propojkou a vychodnim portdlem v severni tunelové
troubé (obr. 16a+16b).

Definitivni osténi bylo navrZeno ze Zelezobetonu C30/37, XF2,
XC4, XD1, WA, ktery byl vyztuZen betonatskou oceli BSO0B. Pro
zvySeni poZarni bezpec¢nosti byla do betonové smési pro realizaci
klenby zamichdna polypropylenovéd vldkna. Délka standardniho
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Obr. 19 Forma pro betondz klenby s pojizdnym bednénim pro betondZe v hlou-
beném tiseku
Fig. 19 Formwork for concreting the vault, with the traveller formwork for
concreting in the cut-and-cover section
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breakthrough of the cross passage and after completion of the
excavation of the bottom between the cross passage and the eastern
portal in the northern tunnel tube (see Figures 16a and 16b).
Concrete C30/37, XF2, XC4, XD1, WA reinforced with BSOOB
steel was designed for the final lining structure. Polypropylene
fibres were added to the concrete mixture used for the vault for
the purpose of increasing the fire safety. The length of 10m of a
standard block of the mined part was determined by the designer,
one 7.16m long so-called equalising block had to be inserted in the
northern tube, whilst two equalising blocks 5.918m long each were
necessary in the southern tube. The following thicknesses were
designed:
Northern tunnel tube:
¢ blocks in the cut-and-cover sections — bottom 500mm, vault
400mm thick;
* blocks in the mined part with the exception of the block at the
cross passage — bottom 500mm, vault 400mm;
* the block in the mined part at the cross passage — bottom
700mm, vault 600mm.
Southern tunnel tube:
¢ blocks in cut-and-cover sections — bottom 800mm, vault
600mm;
* blocks in the mined part with the exception of the block at the
cross passage — bottom 800mm, vault 600mm;
* the block in the mined part at the cross passage — bottom
1000mm, vault 800mm.

Obr. 20 Schéma principu fungovdni tzv. tlakové neutrdlnich dveri
Fig. 20 Chart of the principle of functioning of the so-called neutral pressure
door
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bloku razené Casti byla projektantem stanovena na 10 m, v severni
tunelové troubé musel byt vloZen jeden tzv. srovnavaci blok o délce
7,16 m a v jizni troubé dva, kazdy o délce 5,918 m. Tloustky osténi
byly nasledujici:

Severni tunelova trouba:

* bloky v hloubenych tsecich dno 500 mm, klenba 400 mm;

e bloky v raZzené Casti kromé bloku v misté propojky dno

500 mm, klenba 400 mm;
e blok v razené casti v misté propojky dno 700 mm, klenba
600 mm.

JiZni tunelova trouba:

¢ bloky v hloubenych tsecich dno 800 mm, klenba 600 mm;

e bloky v raZzené cCasti kromé bloku v misté propojky dno

800 mm, klenba 600 mm;
e blok v razené Casti v mist¢ propojky dno 1000 m, klenba
800 mm.

Armovani klenby bylo provadéno za pomoci armovaciho vozu.
Vyztuz byla vazana k lehkym piihradovym rdmiéim a byla samono-
sna (obr. 17). Kromé téchto ramu se skladala z jednoosych svaro-
vanych siti a samostatnych pruti (zesilujici ptilozky).

Pro betonaz protiklenby (dna) a banketl byla pouzita forma
s tzv. kracejicim posunem, kterd byla pouZita pro dvoupruhovy
profil a poté prestavéna na tfipruhovy profil (obr. 18a+18b). Stan-
dardni rychlost betonaze byla jeden blok denné. Horni klenba byla
betonovana do pojizdné formy (systém firmy Kern). Odbediiovaci
pevnost byla v raZeném useku 3 MPa. Rychlost betondze klenby
byla stejna jako u dna, jeden blok denné. Pfimo na formu horni
klenby byly napojeny tfi tzv. oSetfovaci vozy. Ty udrzovaly stialou
teplotu a vlhkost u kazdého bloku po predepsané tii dny po beto-
nazi. Byly osazené ¢idly a namétené hodnoty byly zaznamenavany
do pripojeného pocitace.

Betonaz hloubenych usekt byla provadéna do stejnych forem
jako v raZené Césti. Horni klenba byla vSak navic opatiena po-
jizdnym vnéj$im bednénim (obr. 19), které se pripojovalo k formé
pomoci kotev, které prochazely skrz klenbu. Do dilatac¢nich spar
v horni klenbé byly umistény kromé pésii fugenband (viz kapito-
la Hydroizolace) jesté elementy z minerdlni vaty. Dilatacni spary
ve dné byly osazeny elementy Trigosys® od vyrobce Trigoform
GmbH, které drZely stfedovy fugenband a zaroven fungovaly jako
ztracené bednéni. V hloubeném tseku byla kazda spara mezi jed-
notlivymi bloky navrZena jako dilata¢ni, v raZeném tseku pouze
spary mezi bloky hlavniho tunelu a bloky propojky.

Tunelové propojky, niky

V kazdé tunelové troubé se nalézaji 3 x2 niky, jez lezi vZdy na-
proti sobé v jednom bloku. Niky umisténé na jedné strané budou
osazeny telefonem pro nouzové volani a na druhé strané pozarnim
hydrantem. U tunelové propojky jsou tyto niky realizovany v bloku
primo sousedicim s propojkou.

Tunelova propojka bude osazena z obou stran pozarné odolnymi
dvefmi. Z jednoho sméru budou instalovany klasické protipozarni
dvefe. Pro porovnani vyhod a nevyhod pouZivani budou na dru-
hou stranu instalovény tzv. tlakové neutralni dvere firmy ELKUCH
EISENRING AG (obr. 20). Tento typ dvefi je primarné urcen pro
unikové Stoly a tunelové propojky a ma tu vyhodu, Ze ¢lovek ote-
virajici tyto dvere nepretlacuje tlak vzduchu ptsobici na celou plo-
chu dvefi.

ZAVER
Pro dodrZeni harmonogramu vystavby bylo nutno minimalizovat

Cas vystavby za soucasného dodrzeni velmi prisnych kvalitativnich
poZadavka.

Reinforcement of the concrete vault was installed using
a reinforcement installation travelling scaffold. The self-supporting
reinforcement was tied to lattice girders (see Fig. 17). With the
exception of the girders, it consisted of uniaxial welded mesh and
independent bars (reinforcing strap pieces).

The so-called “walking formwork™ was used for concreting
the invert (bottom) and banquets, which was used for the double-
lane profile and was subsequently reconstructed for the triple-lane
profile (see Figures 18a and 18b). The standard concreting rate
of one block per day was maintained. The upper vault concrete
was cast behind Kern company’s system travelling formwork).
Concrete striking strength in the mined section was 3MPa. The
upper vault concreting rate was identical with that maintained
at the bottom, i.e. one block per day. Three so-called concrete
treatment carriages were connected directly to the upper vault
formwork. They maintained constant temperature and humidity at
each block for prescribed three days after concreting. There were
sensors installed on them and the measured values were recorded
in an attached computer.

Casting of concrete in the cut-and-cover sections was carried
out using the same formwork sets as those used in the mined part.
An external travelling formwork (see Fig. 19) was in addition used
for concreting the upper vault. It was connected to the formwork
by means of anchors passing through the vault. Elements made of
mineral wool were placed into expansion joints in the upper vault,
in addition to the waterbars (see chapter Waterproofing). Trigosys®
elements produced by Trigoform GmbH supporting the central
waterbar and at the same time functioning as sacrificial formwork
were placed to the expansion joints in the bottom. In the cut-and-
cover section, each joint between individual blocks was designed
as an expansion joint, whilst only the joints between individual
blocks of the main tunnel and blocks of the cross passage were
designed in this way.

Tunnel cross passages; nhiches

In each tunnel tube there are 3x2 niches located across each other
in one block. Emergency call stations will be installed in niches
located on one side, whilst fire hydrants will be in niches on the
other side. At the cross passage, the niches are located in the block
directly neighbouring with the cross passage.

The cross passage will have fire resistant doors at both ends.
Classical fire-check doors will be installed from one direction.
The so-called pressure neutral doors produced by ELKUCH
EISENRING AG (see Fig. 20) will be installed on the other side for
the purpose of comparing the advantage and disadvantage of the
products. This door type is primarily designed for escape galleries
and cross passages. The advantage is that a person opening the door
does not need to overcome the air pressure acting on the whole
surface of the door from the other side.

CONCLUSION

With respect to the necessity for following the time schedule, it
was necessary to minimise the construction time with concurrent
adhering to very strict qualitative requirements.

The fundamental measure for acceleration of processes during
the top heading excavation lay in the optimisation of the excavated
cross-sectional area by means of shifting the level of the top heading
bottom in the detailed design by ca 1m higher. This measure allowed
for the still smooth use of all machines, but it significantly reduced
the time demands of individual partial work operations of the top
heading excavation. This change had no significant influence on
the time-related processes in the bench excavation. In the northern



Zakladnim opatfenim pro urychleni postupti pii razbé kaloty byla
optimalizace plochy vyrubu a to tak, Ze v provadéci dokumentaci
pro jizni tunelovou troubu byla posunuta troven dna kaloty o cca
1 m vyse. Toto opatfeni umoznilo jesté bezproblémové pouZzivani
vsech strojt, ale vyrazné zmensilo ¢asovou naro¢nost jednotlivych
dil¢ich pracovnich operaci razby kaloty. Tato zména neméla vy-
razny vliv na ¢asové postupy pii dobirce opéfi. V severni tunelové
troubé byla naopak droverni dna kaloty o 1 m sniZena.

DalSim zasadnim opatienim bylo vyuZiti tunelové propojky pro
dopravu materidlu a rubaniny do a ze severni tunelové trouby. Profil
propojky musel byt upraven tak, aby umoznil prijezd vSech stroju.
Jakmile byly obé tunelové trouby doraZeny za propojku a vyraZzena
propojka, byla veskera doprava odklonéna z prvni poloviny severni
trouby do jizni a na tomto useku byly okamzité zahajeny prace
na hydroizolacich a definitivnim dné tunelu. Diky tomu probihala
betonaz dna tunelu bez Casového tlaku, zaroven byl vytvoren do-
statecny odstup dna pred zahdjenim betondze definitivni klenby tu-
nelu nutny pro zajisténi dostatecné pevnosti betonu dna pro pojezd
formy a zaroven vyuziti dna pro logistiku betonazi.

Casové velmi kritickou operaci bylo dokon&eni z4padniho por-
talu pred prordzkou severni tunelové trouby. Z vySe popsanych di-
vodil byla nutna zména realizacni dokumentace zdpadniho zarezu,
zaroven bylo nutné zahdjit prace v klimaticky extrémné nevhod-
nych podminkach. Kvili neocekdvanym geologickym podminkam
zastiZzenym pii realizaci zafezu doslo k dalSim zméndm projektu.
Postup praci byl za souhlasu investora upraven, severni ¢ast byla
aZ na uroven dna kaloty dokoncena prioritné, jizni ¢ast jiZ rozpra-
covaného portalu byla prisypana odtéZenym materidlem ze severni
Casti. Nasledné byly zfizeny nové pfistupy a severni ¢ast byla do-
koncena s ¢asovym odstupem stejné tak jako oblast 1avky, resp.
dna obou trub.

Vcasné dokonceni razeb umoznilo provadéni naprosté vétSiny
praci na definitivnim osténi od jara do podzimu, proto odpadly ves-
keré prostoje zplsobené nevhodnymi klimatickymi podminkami
a nebylo nutné realizovat opatfeni, jeZ tyto nevhodné podminky
eliminuji. DalSim faktorem zasadné ovliviiujicim postupy betonaz-
nich praci byla moznost odbednéni formy klenby a jeji pfesun jiz
po dosazeni pevnosti betonu klenby 3 MPa. Za téchto okolnosti se
dafilo betonovat standardni tunelové bloky v jednodennim taktu
a bez problému dodrZet planovany harmonogram praci.

Nesporny prinos mélo i vyziti mobilni betonarky pfimo na stav-
bé. Toto feSeni minimalizuje prostoje mezi jednotlivymi pracovni-
mi operacemi a pri dobré volbé dodavatele umoziiuje velkou ca-
sovou flexibilitu jak v priibéhu raZeb, tak i betonaze definitivniho
osténi. Eliminace ¢ekacich dob na dodavku betonu je také vyznam-
nym faktorem ovliviiujicim vyslednou kvalitu definitivniho osténi.

Ing. JAN KUBEK, jkubek@subterra.cz,
Ing. PAVEL FARSKY, pfarsky@subterra.cz,
Subterra, a.s.

Recenzoval Reviewed: Ing. Vladimir Prajzler
Zdroj fotografii

ARGE Herrschaftsbucktunnel
Subterra a.s.
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tunnel tube, the top heading bottom was conversely lowered
by 1m.

Another fundamental measure lay in the use of the cross passage
for transport of materials and muck to and from the northern tunnel
tube. The cross passage cross-section had to be modified to allow
the passage of all mechanisms. Immediately after the completion
of the excavation of the tunnel tubes behind the cross passage and
excavation of the cross passage, all transportation was diverted from
the first half of the northern tunnel tube to the southern tube and
the work on the waterproofing and final tunnel bottom immediately
commenced. Owing to this fact, concreting of the tunnel bottom
proceeded without any time pressure. At the same time, an interval
was created for hardening of the bottom concrete necessary for
development of the strength sufficient for the movement of the
formwork on it when concreting of the upper vault was expected
to start, and for the use of the bottom for concrete casting logistics.

The completion of the western portal before the northern tunnel
tube breakthrough was an operation critical in terms of time.
For the above-mentioned reasons it was necessary to change the
detailed design for the western cutting and, at the same time, to
start to work in climatically extremely unsuitable conditions. Other
changes in the design occurred because of unexpected geological
conditions encountered during the excavation of the cutting. The
work procedure was modified with the consent of the project owner
— the northern part was finished up to the top heading bottom as
a priority. The southern part of the already commenced portal
excavation was backfilled with the material excavated from the
northern part. New approach roads were subsequently created and
the northern part was finished with a time lag, identically with the
area of the bench and bottom, respectively, of both tubes.

The timely completion of the tunnel excavation allowed for the
majority of the work on the final lining to continue from spring
to autumn. For that reason all downtimes caused by unsuitable
climatic conditions could be eliminated and it was not necessary
to implement measures eliminating the unsuitable conditions.
Another factor significantly influencing the concrete casting
processes lay in the possibility of striking the vault formwork and
shifting it ahead already after reaching the vault concrete strength
of 3MPa. Under those circumstances, standard tunnel blocks were
concreted in a one-day cycle and the planned works schedule was
adhered to without problems.

Even the use of the mobile concrete batching plant directly on
site had an undeniable benefit. This solution minimises downtimes
between individual work operations and, when a good contractor
is chosen, allows for significant flexibility of time during the
excavation and concreting of the final lining. Elimination of
times of waiting for concrete supplies is another important factor
influencing the resultant quality of the final lining.

Ing. JAN KUBEK, jkubek @subterra.cz,
Ing. PAVEL FARSKY, pfarsky@subterra.cz,
Subterra, a.s.

Source of photographs
ARGE Herrschaftsbucktunnel
Subterra a.s.

[2] RAUTER, G., GEIER, M. A 98.4 AD Hochrhein — AS Minseln, Herschaftsbucktunnel Rohbau. BeMo Tunelling GmbH
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PRVNI STATICKE VYPOCTY PRO NOVOU RAKOUSKOU TUNELOVACI
METODU SE ZAMERENIM NA POLYGONALNI METODU
FIRST STRUCTURAL ANALYSES FOR THE NEW AUSTRIAN
TUNNELLING METHOD FOCUSING ON POLYGONAL METHOD

JAROMIR ZLAMAL

ABSTRAKT

Novd rakouskd tunelovaci metoda (NRTM) se v Ceské republice zacala ve vétsim mé¥itku pouZivat v roce 1990-1995. Na zavddéni
NRTM do praxe se plné ziicastnila odbornd verejnost, vysokoskolské iistavy, projekcni istavy a provddéci firmy. Bylo vypracovdno mnoho
studii, teoretickych praci, ale i podkladii pro provddeéci projekty. Pri aplikaci NRTM, kdy Metoda konecnych prvkii (MKP) nebyla béZné
dostupnd, se statické vypocty provddely obecnou polygondlni metodou (OPM). ProtoZe vstupni data pro ndriist pevnosti a modulu defor-
mace strikaného betonu byla zndmd, tato metoda umoZnila sledovat mezni inosnost a deformace osténi den po dni. V soucasnosti je tato
metoda poZivdana pro mensi tunelovd osténi pro zZjisténi mezni tinosnosti a mezni deformace konstrukce.

ABSTRACT

The use of the New Austrian Tunnelling Method (NATM) on a larger scale started in the Czech Republic in 1990—1995. Introducing the
NATM into practice was fully participated in by the professional public, university institutes, designing institutions and the implementing
firms. Many studies, theoretical work pieces, but also background papers for implementation designs were carried out. Structural analyses
for the application of the NATM at the time when the Final Element Method (FEM) was not commonly available were conducted using
the General Polygonal Method (GPM). Because the input data for the increase in strength and modulus of deformation of shotcrete was
known, this method allowed for day-by-day monitoring the ultimate bearing capacity. This method is currently applied to smaller tunnel

linings for the determination of ultimate bearing capacity and ultimate deformation of the structure.

1. UvOD

V CR se Nova rakouskd tunelovaci metoda (NRTM) zavadéla
teprve po roce 1990, ale prvni studie byly provadény jiZ od roku
1979 [1] [2]. Odbornici hledali takové metody statickych vypo-
¢th, které by nejlépe vystihovaly skutecnou napjatost a deformaci
tunelovych osténi. Metoda kone¢nych prvka (MKP) pfi zavadéni
NRTM do praxe nebyla jesté bézné pouzivana, ale s vypocetnimi
programy urcenymi pro vypocet osténi tunelu polygondlni meto-
dou byla odborna obec dobfe sezndmena.

Cilem statického vypoctu je stanovit tinosnost konstrukce tune-
lového osténi pii spoluptisobeni systému osténi/horninovy masiv.
Napjatost a deformace systému osténi/horninovy masiv jsou zna-
my aZ po zahdjeni vystavby a diikladném monitoringu. Projektant
tesi dvé zakladni protikladné podminky. Stavba musi byt hospodar-
na a soucasné spolehlivd. Béhem zatéZovani prochazi konstrukce
spojité stavy napjatosti a pretvoreni, které Ize vyjadrit matematicky
na zakladé znalosti stavebni mechaniky. Spolehlivost stavebni kon-
strukce je definovana tfemi subsystémy:

¢ nosna konstrukce tunelu;

* zatizeni pusobici na konstrukci;

* prostiedi obklopujici konstrukci.

2. VYZKUMNE UKOLY A SMERNICE PRO PROJEKTOVANI,
VYPOCET A VYSTAVBU NRTM

Jiz v roce 1988 vydava O. Tesar na objednavku Metrostavu ,, 7ech-
nické podminky 15 — Klasifikace skalnich a poloskalnich hornin pro
podzemni stavby* [3] a v témZe roce stejny autor vydava v ramci
Statniho vyzkumného tkolu kvalitni studii s ndzvem ,, Zjisténi zdvis-
losti mezi riiznymi klasifikacemi pro tunelové stavby, geotechnickymi
hodnotami a klasifikact QTS “. Tehdy statni podnik Metrostav vyda-
va v roce 1990 velmi hodnotny dokument ,, Priizkumnd studie, Apli-
kace NATM v soucasnych podminkdch s. p. Metrostav*. A. Zapletal

1. INTRODUCTION

In the Czech Republic, introducing the New Austrian Tunnelling
Method (NATM) commenced as late as after 1990, but initial
studies were conducted as early as 1979 [1] [2]. Experts searched
for such structural analysing methods which would give the best
picture of the actual stress and deformation of tunnel linings. The
Finite Element Method (FEM) had not yet been commonly used
in the process of introducing the NATM into practice, but the
professional public was well acquainted with computation software
available for computation of tunnel linings using the polygonal
method.

The objective of the structural analysis is to determine the bearing
capacity of a tunnel lining structure when the lining/ground mass
interaction system exists. The stress and deformations of the lining/
ground mass system are known only after the commencement of
the construction operations and thorough monitoring. The designer
solves two fundamental contradictory conditions. The construction
has to be economic and at the same time reliable. During the process
of applying loads, the structure continually passes through states of
stress and deformation which can be expressed mathematically on
the basis of the knowledge of structural mechanics. Reliability of
a civil engineering structure is defined by the following three sub-
systems:

e tunnel structural frame;

* loads acting on the structure;

* environment surrounding the structure.

2. RESEARCH TASKS AND DIRECTIVES FOR DESIGNING,
COMPUTATION AND CONSTRUCTION USING THE
NATM

As early as 1988, O. Tesar published, to Metrostav’s order, the
“Technical specifications 15 — Classification of hard rock and
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weak rock for underground construction” [3]
70 and, during the same year, the same author

published, within the framework of a State

15 research task, a good quality study with the

title “Ensuring dependence among various

classification systems for tunnel construction,

geotechnical values and the QTS classification

B system”. In 1990, the at that time existing
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state-owned enterprise Metrostav published a
= very valuable document ,, Exploratory study,
The NATM application in current conditions
of state-owned enterprise Metrostav”. In
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the same year, A. Zapletal published the

w%n[min'] [min] work titled ,,The NATM statics: Circular,

Obr. 1 Pevnost f,, a modul deformace E, stitkaného betonu podle Smérnice [4]

Fig. 1 Strength f,, and modulus of deformation E, of shotcrete according to the Directive [4]

ve stejném roce vydava préci ,,Statika NATM: Kruhovd, vrstevnatd,
cisté tlacend osténi*. Do diskuse se v roce 1990 zapojuje J. Mencl
Statnou vyskumnou dlohou ,, Navrhovanie podzemnych stavieb s vy-
uZitim samonosnosti horniny “. METROPROJEKT, a.s., v roce 1991,
na objednavku Metrostavu a.s., zpracovava ,, Podklad pro provddéci
projekt, BetondZ monolitického osteéni* [4]. Dokumentace obsahuje
prostorové pozadavky na jednokolejny tunel metra, inosnost osténi,
vodotésnost osténi, ndvrh prostupd v osténi, technologii vystavby
a navrh na technické a strojni vybaveni pro vystavbu tratového tu-
nelu metra. Velmi podstatné do diskuse v roce 1991/1992 prispiva
trojice autorti A. Zapletal, M. Bucek a J. Bartdk dvéma hodnotnymi
publikacemi ,, Smérnice pro navrhovdni osténi budovanych NATM “
a v témze roce autofi zpracovavaji ,, Komentdr ke smérnici pro na-
vrhovdni osténi budovanych NATM “ [5] [6]. Smérnice udavé jako
prvni pevnost v tlaku stiikaného betonu f,, (R)), pevnost v tahu f
(R,) a modul pruZnosti betonu E, pro kazdy den v rozmezi 1-28 dni
od zahdjeni tuhnuti betonu (obr. 1).

Tato smérnice zavadi novy termin — 1. a 2. Menclovu mez. Vy-
pocty podle této metody se postupné aplikuji v praxi. V roce 1992
vydava O. Tesar na objednavku Metrostavu publikaci ,, Smérnice —
InZenyrskogeologicky priizkum pro NRTM “. Pro potieby staveb pak
v roce 1994 vydava Metrostav a.s., divize 5 prirucku ,, Novd rakous-
kd tunelovaci metoda“ a v samostatné publikaci k prirucce pak VIII
priloh. Na zavadéni NRTM do praxe se podilela firma Metrostav a.s.,
CVUT v Praze, METROPROJEKT, a.s. a mnoho dalich pracovist
a odbornikal.

3. PEVNOSTI A MODULY DEFORMACE STRIKANYCH
BETONU

Nartstu pevnosti a modulu deformace stiikanych betont byla
hned od pocatku vénovana velka pozornost. Jako prvni uvetejiuji
v roce 1991/1992 tyto hodnoty Zapletal, Bucek, Bartak [5] (obr. 1),
a pak nasleduje mnoho méfeni provadénych v laboratofich pro
konkrétni stavby (obr. 2).

Jak se postupné zlepSovala receptura a kvalita sloZek tvoficich
stifkané betony, tak se zlepSovaly i naméfené hodnoty pevnosti
a modulu deformace stiikanych betonti. Na obr. 2 a 3 jsou uvedena
dlouhodobg sbirand data pevnosti f, a modulu deformace E, stiika-
nych betont ziskdvana od roku 1996 az do soucasnosti.

4. POPIS POLYGONALNI METODY PRO VYPOCET OSTENI
TUNELU

Polygondlni metoda pouzivd vétSinou Obecnou deformacni
metodu (ODM), kterd pocitd se zménou délky prutu zpisobenou
normalovymi silami, tvar konstrukce se idealizuje, je tvoreny

layered, only compression-loaded linings*“.
In 1990, J. Mencl engaged himself in the
discussion through the State research task
“Underground construction design using
the self-supporting property of ground” In 1991, “The basis for
detailed design titled Carrying out cast-in-place linings” was
carried out by METROPROJEKT, a.s. to Metrostav’s order [4]. The
documents comprise spatial requirements for a single-track metro
tunnel, bearing capacity of the lining, waterproofing capacity of
the lining, proposals for openings in the lining, tunnel construction
technique, and a proposal for technical and mechanical equipment
for construction of a metro running tunnel. In 1991/1992, three
authors, Zapletal, M. Bucek and J. Bartik, contributed to the
discussion by two valuable publications: , The directive for
designing linings constructed using the NATM” and, in the same
year, the three authors carried out ,,Comments on the directive

for designing linings constructed using the NATM*“ [5] [6]. The

directive quotes the compression strength of shotcrete f, (R,) as the
first one, the tensile strength of shotcrete f, (R, ) and the modulus
of elasticity of concrete E, for each day within the range from 1 to
28 days from the beginning of concrete setting (see Fig. 1).

This directive introduced a new term — the first and second
Mencl limits. Computations using this method are gradually
applied to the practice. In 1992, O. Tesar published, to Metrostav’s
order, the “Directive — Engineering geological survey for the
NATM”. In 1994, Division 5 of Metrostav joint stock company
published a manual “The New Austrian Tunnelling Method” for
the needs of construction projects, with VIII annexes contained in
a separate publication to the manual. The company of Metrostav
a.s., the Czech Technical University in Prague, the designing
office of METROPROJEKT, a.s. and many other workplaces and
professionals participated in the process of introducing the NATM
into practice.

3. VALUES OF SPRAYED CONCRETE STRENGTHS
AND DEFORMATION MODULES

The development of the strength and modulus of deformation
of sprayed concrete was paid great attention immediately after the
beginning of the NATM application. In 1991/1992, Zapletal, Bucek
and Bartdk were the first to publish those values [5] (see Fig. 1).
Lots of measurements conducted in laboratories for particular
projects followed (see Fig. 2).

The measured values of strength and modulus of deformation
of sprayed concrete improved along with the gradually improving
formulae and quality of sprayed concrete components. The data
on the strength f, and the modulus of deformation E, of sprayed
concrete gathered in the long term, from 1996 to the present, is
presented in Figures 2 and 3.
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stfednicemi prutd, kterym se prisuzuji
geometrické, prlrezové charakteristi-
ky a vlastnosti materialu. Styk pruti
miZe byt monoliticky (rdmovy), nebo
kloubovy. Kazdy volny (nepodepreny)
styénik ma tfi slozky premisténi. Za
neznamé jsou voleny deformace, po-
¢et neznamych je definovan za pomoci
stupné pretvarné neurcitosti n,.

Pri feSeni jsou pouzivany silové
a momentové podminky rovnovahy. Je
feSena soustava linearnich algebraic-
kych rovnic ve tvaru

Kxr=F, (D

kde K je matice tuhosti rozméru (np;
np), r je vektor parametrti deformace
rozmeéru (np; 1), F je vektor pravych
stran (zatéZovaci vektor) rozméru (np; 1)

(@)

kde S je vektor uzlovych zatiZeni
rozméru (np; 1),R je vektor primarnich
koncovych ucinkd rozméru (np; 1).
Tato vypocetni metoda je rychlé a uni-
verzdlni. Je schopna postihnout libo-
volny tvar konstrukce a umozZiiuje
snadno ménit vstupni parametry vy-
poctu (zatiZeni, geotechnické parame-
try horninového prostfedi, styk pruti,
materidlové vlastnosti prutt). Vypocet
vSak informuje pouze o deformacich
a vnitinich sildch v osténi a nefikd nic
o0 stavu napjatosti horninového masivu
jako napt. MKP.

Vypocetni programy urcené pro vy-
pocet osténi tunelu polygondlni me-
todou, napf. PROS3 vyvinuty v ME-
TROPROJEKTU Praha a.s. [7], nebo
SCIA Engineer feSici interakci s pod-
lozim s nelinedrnimi podporami typu
podloZi prutové konstrukce, nahrazuji
presny tvar osténi tunelu polygonem,
horninovy masiv je modelovan sousta-
vou kyvnych Winklerovskych pruzin
pripojenych k osténi ve vrcholech po-
lygonu. Pasobeni horninového masivu
na osténi je modelovdno vnéjSim ak-
tivnim zatiZenim pusobicim ve vrcho-
lech polygonu. Vypocet probiha v ite-
racnich cyklech, v prvnim iteracnim
cyklu jsou vSechny Winklerovské
pruziny modelujici horninu ve funkci.
Po prvnim itera¢nim cyklu jsou taZzené
pruziny vylouceny a vypocet probi-
ha tak dlouho, dokud nejsou vSechny
tazené pruziny vylouCeny a zdaroven
vSechny tlacené pruziny ve funkci.
Tento vypocetni model odpovida sku-
tecnému pusobeni geotechnické kon-
strukce, sty¢nd plocha mezi konstruk-
ci a horninou nemiZe pienaset tah,

F=S-R,
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Obr. 2 Pevnosti stitkanych betonii
Fig. 2 Strengths of shotcrete mixtures
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Obr. 3 Modul deformace stitkanych betonii

Fig. 3 Modulus of deformation of shotcrete mixtures
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. . 4. DESCRIPTION OF THE POLYGONAL
] i il [ 1) I Y METHOD FOR COMPUTATION
=10 svisla deformace V1 OF TUNNEL LININGS
yertieal deformaton V1 The Polygonal Method mostly uses the General
l—m — Deformation Method (GDM), which counts with
= changes in the beam length caused by normal
= ‘.\.\ forces whilst the shape of the structure is idealised.
- . %irst:ga?eolfgfgp;g%gfvz It i's formed by ?entre lines of beams, WhiCl’} are
""'{. assigned geometrical cross-sectional characteristics
-50 T and properties of materials. Joints of the beams can
Tt~ 1 | be monolithic (frame-type) or knuckle-type. Each
~80 free (unsupported) joint has three displacement
0 1 2 3 456 7 8 91011121314 15 18 1718 1920 21 22 23 14 15 26 27 28 .

— [den] [day] components. Deformations are chosen as unknowns.

Obr. 4 Praha - jednokolejny tunel metra IVB 05 — technologickd tiida 111b, deformace klenby

podle 1. a 2. Menclovy meze

Fig. 4 Prague, metro IVB 05 single-track tunnel — excavation support class 11Ib, deformation

of vault according to the first and second Mencl limits

dochézi k odtrzeni horniny od konstrukce. Winklerovské pruziny
simulujici horninu se do vypoctu zavadéji jednotkovou plochou
a jednotkovou délkou a jejich tuhost se zaddava hodnotou modulu
pruznosti E odpovidajici geotechnickému prostiedi. Vypocet veli-
kosti modulu reakce podlozi I?l pruznych Winklerovskych opér lze
zapsat ve tvaru

Ii +|i+1

k =k -—p, 3)
kde k@ modul reakce podloZi zavisi nejen na geotechnickych pa-
rametrech horniny, ale rovnéZ na tvaru konstrukce a stanovuje se

obvykle podle B. G. Galerkina
E

R(1-v)

ddle [, je délka strany mnohouhelnika a b je Sitka prstence po-
suzovaného osténi, kterd je obvykle 1 m, E je modul deformace
horniny, R je polomér kruZnice nahrazujici vyrub a v je Poissonova
konstanta. Deformace a pootoceni i-t€ho uzlu jsou oznaceny U, , V,
6, a vnitini sily i-tého uzlu jsou oznaceny X, Y, M, a pro vnitini vy-
pocetni parametry vn&jsi zatiZeni X, ¥, popisuje sloupcova matice
{P.} asloupcova matice {P,} pro V_néj_éi zatiZeni, kde

k) = 4)

U, 0
v 0
0, 0
=1 & {B}=1 x )
Y, Y,
M, 0

Zavedeni reakce opér jako vnitini sily pro i-ty uzel a zapocitani
deformaci pruznych opor vede ke zméné modulu reakce podlozi
[k] ovliviijiciho vypoCetni parametry. V obecném pfipad€ mize
byt zatizeni priloZeno k libovolnému uzlu, (uzly maji zvlastni ¢is-
lovani, které oznacujeme j). Potom maticovy zapis rovnice pro vy-
pocetni parametry pro uzel n pti zndmych okrajovych podminkach
ma nasledujici tvar

{Pn} = Hi:m—l[ Kl]{PO}-FZ?:lHij:ﬂ[Ki ]{—P'}’

kde {P} je sloupcovd matice poCatecnich vypocetnich parame-
tri.

(6)

The number of unknowns is defined using the degree
of deformation uncertainty n,

Force and moment equilibrium conditions are
applied to the solution. A system of linear algebraic
equations is solved in the following form:

Kxr=F, (1)

where K is for a matrix of toughness with the dimension (np; np),
r is for the vector of parameters of deformation with the dimension
(np; 1) and F is for the vector of right-hand sides (loading vector)
with the dimension (np; 1)

F=S-R, )

where S is for the vector of nodal loads with the dimension
(np; 1), R is for the vector of primary terminal effect with the
dimension (np; 1). This computation method is quick and universal.
It is able to express any arbitrary shape of the structure and allows
for easy changing of input parameters of the computation (loads,
geotechnical parameters of the ground environment, beam joints,
material properties of beams). Nevertheless, it informs only about
deformations and internal forces in the lining and says nothing
about the state of stress in the ground mass as, for example, the
FEM.

Computation software tools designed for computation of tunnel
linings using the polygonal method, for example the PROS3
developed in METROPROJEKT Praha a. s. [7] or the SCIA
Engineer solving the interaction with the basement with nonlinear
supports of the basement of a beam structure type, substitute the
tunnel polygon for the exact shape, the ground mass is modelled
by a system of Winkler swinging springs connected to the lining
at polygon vertices. The ground mass action on the lining is
modelled by active external loads acting at the polygon vertices.
The computation proceeds in interaction cycles. In the first cycle,
all Winkler springs modelling the ground are in function. After the
first cycle, all tensioned springs are excluded and the computation
process is continued until all tensioned springs are excluded
and, at the same time, all compressed springs are in function.
This computation model corresponds to the actual action of the
geotechnical structure; the interfacial surface between the structure
and ground mass cannot transfer tension, the ground mass is torn
from the structure. Winkler springs simulating ground mass are
introduced into the computation by a unit area and a unit length;
their toughness is introduced by the value of the modulus of
elasticity E corresponding to the geotechnical environment. The
computation of the magnitude of the modulus of sub-grade reaction
Igl. of the flexible Winkler supports can be written down in the form

- | +1.
- :k(o) i i+1 b, 3
K BN (3
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5. VYPOCET VNITRNICH SIL POLYGONALNI METODOU -
PRIKLADY VYPOCTU

V praxi se fesi soustava rovnic v maticové formé o n  nezna-
mych. Konstrukce je modelovdna pruty, uzly a Winklerovskymi
pruzinami. Horninové tlaky i geotechnické parametry okolniho
prostredi se u liniovych staveb po délce méni. V parametrické stu-
dii je zeminovému prostiedi pfifazovano nékolik modulti reakce
podlozi k. konstrukce je zatizena n¢kolika riznymi poméry svis-
1ého a vodorovného zatiZeni p/q a vyhodnocuje se pro konstrukci
nejnepiiznivéjsi kombinace tuhosti pruZin a poméru zatiZzeni. Pro
vypocet vnitfnich sil v konstrukci se pouZivaji statickd schémata
uvedend na obr. 5-10.

Jfoto Metrostay, a.s. photo Metrostay, a.s.
Obr. 5 Praha, jednokolejny tunel metra 29,25 m?, prvkii matice 333, pocet ne-
zndmych 41

Fig. 5 Prague, single-track metro tunnel 29.25m? 333 matrix elements,
41 unknowns

foto Amberg Engineering Brno, a.s. photo Amberg Engineering Brno, a.s.
Obr. 6 Brno-Cejl, kolektor — komora kiiZeni 73,5 m?, prvkii matice 216, pocet
nezndmych 28

Fig. 6 Brno-Cejl, utility tunnel — intersection chamber 73.5m? 216 matrix ele-
ments, 28 unknowns

where k@ is for the modulus of reaction of the basement; it
depends not only on geotechnical parameters of ground, but also
on the shape of the structure and is usually determined according
to B. G. Galerkin

E

R(1-v)’

where /. is for the length of a side of the polygon and b is for the
length of the ring of the lining being assessed, which is usually 1m
wide, E is for modulus of ground deformation, R is for radius of
the circle substituting the excavation, and v is for Poisson’s ratio.
Deformation and rotation of i-th node are marked U, V,q, and
internal forces in the i-th node are marked X, Y, M, and for internal
computation parameters external loadings X,, Y, are described by
the column matrix {P,} and the column matrix {P} for external
loads, where

k@) = 4)




6. NEKTERE STAVBY POSOUZENE OBECNOU
POLYGONALNI METODOU

V roce 1991 vypracoval Metroprojekt vyzkumny tkol ,,Podklad
pro provddéci projekt, Betond?Z monolitického osteni* [4], kde je
navrzeno osténi jednokolejného tunelu metra s vnitinim svétlym
pramérem 5,2 m. Osténi je dvouplastové, stitkany beton ma tloust-
ku 80 mm pro tfidu NRTM II, 100 mm pro tfidu III a 150 mm pro
tfidu IV, definitivni osténi ma tloustku 300 mm, je navrzeno z be-
tonu B30 (dnes C25/30) vodotésnost zajiStuje mezilehld izolace.
Realizacni projekt tratového tunelu na trase metra IVB 05 v MET-
ROPROJEKTU Praha a.s. vypracoval L. Mafik a K. Bursova (7u-
nel 2/1992) [8] [9]. Pro Casovy interval 0-28 dni a technologickou
tfidu IIIb tito autofi uvadéji deformace klenby tratového tunelu vy-
poctené pro 1. a 2. Menclovu mez (obr. 4).

V roce 1990 vypracovivi METROPROJEKT Praha a. s. (K. No-
vosad a J. Zlamal) projekt Kolektor Brno-Cejl (Gottwaldova II).
Komora kfiZeni kolektoru provadénd NRTM ma vysku vyrubu
10,3 m, plocha vyrubu je 73,5 m?. Do statického vypoctu bylo zahr-
nuto zajisténi klenby komory ocelovymi svorniky (obr. 6). Zhoto-
vitel (Subterra a.s. — Jaroslav Stavi¢ek) provedl zkousku ocelovych
svornikll na tah a ani pfi tahové sile, ktera odpovidala pfiblizné
80 kN, nedoslo k jejich vytaZeni.

V roce 1992 je na trase metra IVB ve stanici Hloubétin pouZi-
ta NRTM pro vystavbu stfedniho stani¢niho tunelu (SST), jehoZ
soucasti je i technologicka ¢ast stanice a napinaci komora eskalé-
toru. Kombinuje se NRTM a prstencova metoda. V prvé fazi se razi
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{R}= (5)

< X< X 0 < C
—_
1o
——
I
ol IXooo

The introduction of the reaction of supports as the internal force
for i-th node and incorporation of deformations of the flexible
supports lead to a change in the modulus of ground deformation
[k], which influences the computation parameters. In a general
case, the load can be attached to any arbitrary node (nodes have
special numbering marked by us as j). Then the matrix notation
of the equation for computation parameters for node n with the
boundary conditions known has the following form

RI=TLL KR+ XTI R ©)

where {P} is for a column matrix of initial computation
parameters.

5. COMPUTATION OF INTERNAL FORCES USING
POLYGONAL METHOD - COMPUTATION EXAMPLES

In practice, a system of equations is solved in the matrix form
with n, number of unknowns. The structure is modelled by means

s et L A
foto Amberg Engineering Brno, a.s. photo Amberg Engineering Brno, a.s.

Obr. 7 Brno, Pisdrecky tunel 93,3 m? prvkii matice 1099, pocet nezndmych 85
Fig. 7 Brno, Pisdrky tunnel 93.3m’, 1099 matrix elements, 85 unknowns

foto Jaroslay Altmann, K+K prizkum s.r.o. ~photo Jaroslav Altmann, K+K priizkum s.r.o.
Obr. 8 Hrebe¢ na silnici 1/35 147,16 m?, prvkii matice 558, pocet nezndmych 66
Fig. 8 Hiebec tunnel on 1/35 road, 147.16m? 558 matrix elements, 66 unk-
nowns
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metodou NRTM Kkalota tunelu ve tvaru dosti ploché kruhové use-
¢e a potom nésleduje prohloubeni vyrubu na cely profil stani¢niho
tunelu s okamzitou montazi definitivniho osténi prstencovou meto-
dou, projektant je METROPROJEKT Praha a.s., J. Rtzicka at al.
(Tunel 3/1993) [10].

V roce 1992/3 se METROPROJEKT Praha a.s. dc¢astni v Brné
vybérového fizeni na Pisarecky tunel — Prazska radiala. Po dobrych
zkuSenostech se svorniky jsou tentokrat poprvé ve vypoctu pouzity
svorniky laminatové. Predpoklddala se jejich dlouhodobd Zivot-
nost, a proto ve statickém vypoctu primarniho i definitivniho osténi
byly pouZity (obr. 7). Konce laminatovych svornikd byly zavéseny
na pruZiny modelujici pruZny posun kofent svornikd v horniné.

Amberg Engineering Brno a.s. od METROPROJEKTU Pra-
ha a.s. tento ndvrh prebird do realizacni dokumentace. Osténi tu-
nelu je dvouplastové s mezilehlou izolaci. Primarni osténi tvofi
stifkany beton s ocelovymi sitémi a pfihradovymi ocelovymi ramy.

Na silnici 1/35 u Moravské Trebové se v roce 1993 zacina pro-
jektovat tunel Hiebec. Osténi tunelu je dvouplastové s mezilehlou
izolaci. Primérni osténi tvoii stfikany beton s ocelovymi sitémi,
prihradovymi ocelovymi ramy a s hydraulickymi svorniky. Defi-
nitivni osténi je z monolitického Zelezobetonu (obr. 8). Pro velmi
Spatné geologické podminky byly pouzity hydraulické svorniky,
70 % délky tunelu méa v nadlozi jemné piscitou svahovou hlinu
s pfimési tlomka zvétralych piscitych slinovcl az hlinitokameni-
tou svahovou sut.

Jako pro komoru kifZeni kolektoru Brno-Cejl, Pisdrecky tunel
v Brné€ a tunel Hiebec€ bylo v roce 1995 navrZzeno podobné statické
schéma pro dvoukolejny tunel metra IVB-07 Hloubétin — Cerny most.

Ve statickém schématu se zménilo usporadani svornikd, konce
ocelovych svornikil byly uchyceny na pruZiny (obr. 9). Horninové
prostfedi okolo dvoukolejného tunelu tvofily nekvalitni libeiiské
bridlice a fevnické kfemence, nebyla jistota, Ze ve vzdalenosti 4 m
od priméarniho osténi bude v klenbé dostatec¢né pevna hornina a ne-
dojde k posunu kofene svorniku. Realiza¢ni dokumentaci vypraco-
val METROPROJEKT Praha a.s.

V roce 2013 byl obnoven projekt Kolektor Hlavkav most (pi-
vodni projekt byl z roku 2006), kde je opét pouZita metoda mezni
unosnosti s pouzitim obecné polygonalni metody.

Konstrukce tunelovych osténi je obvykle symetricka podle svislé
osy y, proto statickd schémata jsou pro symetricka zatiZzeni zjedno-
dusena a pocita se jen polovina konstrukce.

Vypocty jsou provadény v parametrické studii pro nékolik vypo-
¢tovych modult reakce podloZzi, nejCastéji se pouziva kvy,P =5, 50,
100 a 500 MNm™*(modul reakce podloZi k=5 MNm'3’byl stano-
ven pro kladenské popilky na vysypce, Ing. Hudek PUDIS a.s.).
Vodorovné zatiZeni je zadavano podle geotechnickych parametrii
horninového masivu a je stanoveno vétSinou jako podil p/g = 0,2;
0,3; 0,4, 0,5; 0,6. Parametricka studie tak muZe obsahovat az 20
vypoctl s riznym vypoctovym modulem reakce podloZi a riznym
pomérem vodorovného ke svislému zatizeni.

Vysledkem téchto vypoctii jsou vnitini sily M, N, Q. Maxi-
malni Gnosnost osténi tunelu je vyhodnocena pomoci interakcni-
ho diagramu betonu, vyjadiujiciho tnosnost konstrukce pro rtz-
né poméry momentt a normalovych sil. Pro hodnoty vnitfnich
sil (moment a normalovych sil) je vypocten pomér ndvrhové
unosnosti K iinosnostikonstrukce jako M., /M., . tyto hodnoty
jsou soucasti vystupu z programu Finl0, Beton 2D EC, Zelezo-
betonova konstrukce je posouzena interakénim diagramem. Ten-
to vztah je zapséan do rovnice jako pomér p (1) k p(f) nebo puj(t)
k pj(t).

Zatizeni v bodech i a j vyvola statické veli¢iny M, N, Q. a M ,
N, Q.a vypoctené vnitini sily v osténi pro body i a j jsou popsany
rovnicemi:

foto Metropojekt Praha, a.s. photo Metropojekt Praha, a.s.
Obr. 9 Metro IVB 07, dvoukolejny tunel 69,4 m? prvkii matice 475, pocet ne-
zndmych 52
Fig. 9 Metro IVB 07, double-track tunnel 69.4m? 475 matrix elements, 52
unknowns

of beams, nodes and Winkler springs. Ground pressures and geo-
technical parameters of the surrounding environment vary along the
length of linear structures. In a parameter study, several modules
of sub-grade reaction k . are assigned to the ground environment,
the structure is loaded with several different proportions of vertical
and horizontal loads p/q and the combination of the toughness
of springs and the proportion of loads most unfavourable for the
structure is assessed. Structural diagrams presented in Figures
5-10 are used for the computation of internal forces.

6. SOME STRUCTURES ASSESSED USING THE GENERAL
POLYGONAL METHOD

In 1991, Metroprojekt fulfilled the research task “Background for
the detailed design; Concreting of cast-in-situ lining” [4], where
a lining with the internal diameter of 5.2m is proposed. The lining
is of the double-shell type, the primary shotcrete layer is 80mm
thick for NATM excavation support class II, 100mm thick for class
IIT and 150mm thick for class IV; the final lining is 300mm thick.
Concrete B30 (today C25/30) is designed for the final lining. The
waterproofing capacity is provided by an intermediate membrane.
The detailed design for the running tunnel on the IVB 05 metro
line was developed in METROPROJEKT Praha a.s. by L. Marik
and K. Bursova (Tunel 2/1992) [8] [9]. For the interval of time
0-28 days and excavation support class IIIb, the authors quoted
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Pak mezni tnosnosti tunelového osténi odpovidaji statické ve-
liciny M , N , O , nebo Muj, NW., QW., tedy zjednoduseny zépis je
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Obr. 10 Praha kolektor Hldavkiiv most 73,3 m?, prvkii matice 1251, pocet ne-
zndmych 143

Fig. 10 Prague, Hldvka Bridge utility tunnel 73.3m? 1251 matrix elements,
143 unknowns
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deformations of the vault of the running tunnel computed for the
first and second Mencl limits (see Fig. 4).

In 1990, METROPROJEKT Praha a.s. (K. Novosad and J. Zlamal)
carried out the design for the Brno-Ce;jl utility tunnel (Gottwaldova II
street). The utility tunnel intersection chamber is 10.3m high and
the excavated cross-sectional area amounts to 73.5m? The structural
analysis comprised the support of the chamber vault with steel
bolts (see Fig. 6). The contractor (Subterra a.s. — Jaroslav Stavicek)
conducted a pull-out test of the steel bolts and none was pulled out
even with tensile force corresponding to approximately 80kN.

In 1992, the NATM was used on the IVB metro line at Hloubétin
station for the construction of the middle station tunnel (MST)
parts of which were also the technology part of the station and the
escalator tensioning chamber. The NATM and the Ring Method
were combined. In the first phase, the tunnel top heading with the
excavation geometric shape constructed of a quite flat circular
segment was driven using the NATM. Deepening of the excavation
to the full station tunnel profile with immediate installation of
the final lining using the Ring Method followed. The design was
carried out by METROPROJEKT Praha a.s., J. Razicka at al.
(Tunel 3/1993) [10].

In 1992/3, METROPROJEKT Praha a.s. participated in the tender
proceedings for the Pisarky tunnel on the Prague radial road in
Brno. After positive experience with the bolts, glassfibre reinforced
plastic bolts were for the first time used in the computation. Their
long-term durability was assumed and for that reason they were
used in the structural analysis of the primary and secondary linings
(see Fig. 7). The ends of the glassfibre reinforced plastic bolts were
suspended of the springs modelling the flexible displacement of
roots of the bolts in the ground.

Amberg Engineering Brno a.s. took this design over from
METROPROJEKT Praha a.s. and used it for the detailed design.
The tunnel lining is a double-shell structure with an intermediate
waterproofing system. The primary lining is formed by shotcrete
with welded mesh and steel lattice girders.

The work on the Hrebe¢ tunnel located on the 1/35 road near
Moravska Trebova started in 1993. The double-shell tunnel lining
is formed by shotcrete, welded mesh and steel lattice girders with
hydraulically expanded bolts. The final lining is from cast-in-situ
reinforced concrete (see Fig. 8). The hydraulically expanded bolts
were used with respect to very poor geological conditions; finely
sandy slope loam with fragments of weathered sandy marlstone up
to loamy-stony slope debris were found in the overburden along
70% of the tunnel length.

As for the intersection chamber on the Brno-Ce;jl utility tunnel,
the Pisarky tunnel and the Hrebe¢ tunnel, similar structural diagram
was proposed in 1995 for the IVB-07 double-track metro tunnel
line between Houbétin and Cerny Most stations.

In the structural diagram, the arrangement of rock bolts was
changed, as well as the ends of the steel bolts, which were fixed to
springs (see Fig. 9). The rock environment surrounding the double-
track tunnel was formed by low-quality Libefi shale and Revnice
quartzite and there was no certainty whether sufficiently strong rock
would be encountered at the distance of 4m from the primary vault
lining and the root of the rock bolt would not be displaced. The
detailed design was developed by METROPROJEKT Praha a.s.

In 2013, the design for the Hlavka Bridge utility tunnel was
renewed (the original design was dated 2006). The ultimate bearing
capacity method using the general polygonal method was again
applied.

The structure of tunnel linings is usually symmetrical about the
vertical y axis. For that reason structural diagrams for symmetric
loads are simplified and only one half of the structure is analysed.
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Mezni inosnost tunelového osténi je pak urCena jako p (1), a za-
tizeni tunelového osténi je p (1), kde plati

PO <p, 0. (an

Stejné je ur¢ena mezni Gnosnost tunelového osténi v bodé j jako
pw.(t), a zatiZeni tunelového osténi je pj(t), kde plati

P >p,(0), (12)

pak konstrukce nevyhovi, a musi se hledat feSeni vyhovujici rov-
nici (11).

Uvedené rovnice vyjadiuji zjednoduSené princip Menclovych
mezi [5], [6].

7. MENCLOVY MEZE

Unosnost soustavy hornina-osténi neni diskrétni, mechanické
vlastnosti soustavy jsou funkcemi ¢asu a ménicich se materidlo-
vych vlastnosti, kdy liniovd stavba prochazi rliznym geologickym
prostfedim. Kazdé funkci zatiZeni ¢ () pfislusi vlastni funkce tinos-
nosti Q (¢). Tim se soustava, obsahujici osténi ze stitkaného betonu,
podstatné 1isi od soustavy, kde osténi a hornina maji konstantni
mechanické vlastnosti. V takové soustavé je tnosnost osténi vy-
jadfena jednou hodnotou. Jakékoliv funkci zatizeni ¢ () zde od-
povida jedina tnosnost Q = konstanta. V teorii unosnosti osténi
ze stiikaného betonu mé zdsadni vyznam funkce tGnosnosti Q (¥)
pfislusna k nulové funkci zatiZeni ¢,(r) = 0 a funkce inosnosti Q, (1)
korespondujici s funkci zatiZeni g,(2), kter€ udrZuje ost€ni neustale
v meznim stavu Gnosnosti. V tomto piipad€ zfejmée plati g,(1) =
Q,(9). Funkce Q (1) se nazyvd prvni Menclovou mezi, funkce Q,(7)
druhou Menclovou mezi [5, 6]. Prvni Menclova mez Q (¢) udava,
jak velké zatiZeni by v Case t mohlo skokem dolehnout na dosud
nezatiZzenou soustavu hornina-osténi, aniZ by inosnost osténi byla
vyCerpdna. To znamend, Ze bod [M , N ] obr. 11, udavajici moment
M a normdlovou silu N kritického prifezu od zatiZeni g, (t), lezi
v kterémkoliv okamZiku 7 na interakénim diagramu ID(z ).

Funkce zatiZeni ¢,(¢) leZici nad druhou Menclovou mezi jsou za-
rucené netnosné, zatimco funkce zatiZeni leZici pod prvni Menc-
lovou mezi jsou zarucené unosné. Funkce zatiZeni situované mezi
Menclovy meze Q, (1) a Q,(1) mohou byt jak inosné, tak netnosné.

Mezi netinosné patii funkce typu g*(¢) z obr. 12.

Isou to funkce, které jsou zpocatku menSi neZli funkce Q,(7)
(mohou byt zpocatku dokonce mensi nezli Q (¢)), nakonec vSak
s funkei Q,(7) splynou. Splynuti funkei znamend, Ze funkce typu
q*(t) bude od né&jakého okamZiku ¢, funkci nednosnou, takze pro
1> t, plati

Computations are conducted in a parametric study for several
computation modules of the subgrade reaction with kwp =5, 50,
100 and 500MNm used most frequently (the modulus of subgrade
reaction k = = SMNm™* was determined for Kladno flying ash
collected on a dump, Ing. Hudek PUDIS a.s.). Horizontal loading
is determined according to geotechnical parameters of the ground
mass, mostly as a proportion p/g = 0.2; 0.3; 0.4, 0.5; 0.6. The
parametric study can therefore contain up to 20 calculations with
various computation modules of subgrade reaction and various
proportions of horizontal to vertical loads.

Internal forces M, N, Q. are the results of the calculations. The
maximum bearing capacity of the tunnel structure is assessed by
means of the concrete interaction diagram, expressing the bearing
capacity of the structure for various proportions of moments to
normal forces. The proportion of the design bearing capacity to
bearing capacity of the structure is calculated for the values of
internal forces (moments and normal forces) as M, /M, . These
values are parts of the output from the FinlO, Beton 2D EC
software; the reinforced concrete structure is assessed using the
interaction diagram. This relationship is entered into the equation
as the proportion of p_(#) to p (1) or puj(t) to pi(t).

Loading acting at points i and j induces static quantities M, N,
Q,and M, N, Q.and the computed internal forces in the lining for
points i and j are described by equations

p(H)=fM,N, Q), (7)

(=M, N, Q). (8)
Static quantities M , N, O ,orM , N Qm. then correspond to

ui ui’ uj u

the ultimate bearing capacity, therefore the simplified notation is
as follows:

P O=fA A (0. f)=fM,.N,Q,) 9
and also
PO =fAL AL D.f) =M, N,. Q). (10)

where A, is for effective area of concrete, f (7) is for concrete
strength, A_is for effective area of steel reinforcemen, £ is for yield
strength of steel.

Ultimate bearing capacity of a tunnel lining is then determined as
p, (1), and load acting on the tunnel lining is p(#), where it applies
that

P <p, 0. (11)

Ultimate bearing capacity of the tunnel lining at point j is

NS
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Obr. 11 Menclovy meze Q (1) a Q,(t); [m, n] — vnitini sily od jednotkového
zatizeni
Fig. 11 Mencl limits Q (t) and Q (t); [m, n] —internal forces induced by unit load

Obr. 12 Menclovy meze Q (1) a Q,(t)
Fig. 12 Mencl limits Q (t) and Q (1)
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Obr. 13 Interakcni diagram — mezni tinosnost a skutecné zatizeni tunelového
osteni

Fig. 13 Interaction diagram — ultimate bearing capacity and actual load acting
on tunnel lining

Q*(1) < q*(), 13)

kde Q*(¢) je funkce tnosnosti pfifazena funkci zatizeni g*(¢),
prestoze pred tim mohla byt inosnou funkci zatiZeni, tedy

) < @*() protre <0, 1> (14)

8. VYHODNOCENI KOEFICIENTU UNOSNOSTI

Pro vyrazy zavedené rovnicemi (7) az (12) plati nasledujici vy-
hodnoceni koeficientu tnosnosti osténi s. Hodnoty zatiZeni p (1)
uvedené na obr. 13 jako [m, n], a Gnosnosti p () uvedené jako
M. NI pj(t) uvedené jako [mj, nj] a inosnosti p (t) uvedené jako
[MW., Nuj] se vyhodnoti jako dnosnost tunelového osténi v bodech
iaj(obr. 13).

Koeficient tnosnosti osténi s, je definovan jako pomér p (1)

ap(1) nebo p (1) ap (1)

pui (t)

s, (15)
p (t) 3
Ps(t) _ . (16)

Je-1i koeficient

s <1,

osténi tunelu vyhovi na meznim stavu unosnosti. Je-li koeficient
s> 1,

je prekroCena mez pevnosti a konstrukce na meznim stavu Gnos-
nosti nevyhovi.

Stejnym zpasobem se vyhodnoti koeficient s, ve vech uzlech po
obvodu osténi. Mezni tinosnosti osténi je obvykle dosaZeno pouze
v jednom bodé¢ osténi a posudek osténi je obvykle nutné doplnit o po-
souzeni na mezni stav pouZitelnosti (deformace) a mezni stav trhlin.

9. UNOSNOST OSTENIi DVOUKOLEJNEHO TUNELU
IVB - 07-22/02 JAKO FUNKCE f(t)

V praxi byla metoda mezni Gnosnosti tunelového osténi stano-
vujici kritické misto na celém obvodu osténi tunelu vypoctenim
hodnot s, pouZita na mnoha velkych tunelovych stavbach, jako je

napt. Kolektor Brno-Cejl — Komora kiiZeni rok 1990, Brno — Pisa-
recky tunel silnice 1/23, ulice BiteSskd, rok 1994, silni¢ni tunel na
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determined in the same way as p, (#), and loading acting on tunnel
lining is p (1), where it applies that

P 0> p, 0. (12)

Then the structure does not comply and the solution complying
with the equation (11) has to be sought.

The equations presented above express the Mencl limits in
a simplified way [5], [6].

7. MENCL LIMITS

The bearing capacity of a ground-lining system is not discrete;
mechanical properties of the system are functions of time and
changing material properties when a linear structure passes through
varying geological environment. Each loading function g(f) is
assigned its own bearing capacity function Q (#). Owing to this fact,
the system containing the shotcrete lining significantly differs from
the system where the lining and ground have constant mechanical
properties. In such a system bearing capacity of a lining is expressed
by one value. Only one bearing capacity Q = constant corresponds
here to any loading function ¢(f). The bearing capacity function
Q,(») pertaining to the zero bearing capacity function ¢, () = 0 and
the bearing capacity function Q (f) corresponding to the loading
function g,(#), which keeps the lining continually at the ultimate
limit state, has crucial importance in the theory of bearing capacity
of shotcrete lining. It is obviously valid in this case that g,(7) =
0,(1). We call the function Q (¢) the first Mencl limit and the Q,(%)
the second Mencl limit [5, 6]. First Mencl limit Q,(#) determines
how heavy load could started step-wise to act on the not yet loaded
ground-lining system in time ¢ without exhausting the bearing
capacity of the loading. It means that the point [M , N ] in Figure 11
indicating the moment M and normal force N induced by the load
q,(?) lies at any moment ¢ on the interaction diagram ID(t ).

The functions of loading ¢(#) lying above the second Mencl
limit are certainly unbearable, whilst the functions of loading lying
under the first Mencl limit are certainly bearable. Functions of
loading located between the Mencl limits Q(#) and Q,(¢) can be
either bearable or unbearable.

Among unbearable functions there are functions of the g*(f) type
from Figure 12.

These functions are smaller than functions Q,(#) from the
beginning (they can be even smaller than Q () in the beginning, but
they merge with function Q,(7) in the end. Merging of the functions
means that ¢g*(¢) function-type will become unbearable from some
moment 7, the unbearable function. For ¢ > ¢, it applies that

Q*(1) < q*(1), 13)

where Q*(¢) is for the function of bearing capacity assigned
to the loading function ¢*(¢), despite the fact that it could be the
bearable function of loading, that is

g*(t) < Q*(n) prot € <0, 1>. (14)

8. ASSESSMENT OF BEARING COEFFICIENT

The following assessment of the coefficient of bearing capacity
of the lining s,is applicable to expressions introduced by equations
(7) through to (12): The values of loading p (7) presented in Fig. 13
as [m, n] and the bearing capacity p (¢) presented as [M , N ],
the p (1) values presented as [m, n] and bearing capacity p (1)
presented as [M, , N, ] are assessed as bearing capacity of tunnel
lining at points i and j (see Fig. 13).

The coefficient of bearing capacity of a lining s, is defined as
a proportion of p (1) to p (1) or p (1) to pj(t)

uj
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silnici 1/35 Hrebe¢ — Moravska Trebova, rok 1993, dvoukolejny
tunel metra IVB-07 Hloubétin — Cerny most v km 27,371-27,321,
rok 1994-1995. Pro vyse uvedené projekty provadéné NRTM byl
vypracovan staticky vypocet metodou meznich zatiZeni.

Osova vzdalenost koleji dvoukolejného tunelu je v délce
256,589 m proménnd, proto byly navrzeny tfi typy osténi s osovou
vzdalenosti koleji 4,405 m, 3,900 m a 3,700 m. Jako priklad nésle-
duji vysledky vypoctu metodou meznich zatiZeni pro dvoukolejny
tunel metra IVB-07 Hloubétin — Cerny most s osovou vzdalenosti
koleji 4,405 m.

Unosnost osténi dvoukolejného tunelu byla stanovena pro mo-
dul reakce podlozi kvy,p = 25-50MNm a pro pomér bo¢niho tlaku
p/q= 0,30-0,40 a pro technologické tfidy NRTM 4c, 5a, 5b. Déle
uvadéné hodnoty tinosnosti primarniho osténi jsou vypocteny pro
beton B20 (C16/20) s vypoctovou mezi pevnosti 11,5 MPa a pro
ocel 10 425 s vypoctovou mezi pevnosti 375 MPa. Narlst pevnosti
betonu a modulu deformace v Case byly prevzaty ze Zapletal, A.,
Bucek, M., Barték, J. , Smérnice pro navrhovdni osténi budova-
nych NATM “ [5] obr. 1.

Hodnoty vnitfnich sil M, N, Q, jsou vypocteny pro Casovy in-
terval 0,5; 0,75; 1; 3; 5; 7; 15; 28 dni pro vSechny uzly polygonu
ocislované /-n na obvodu osténi.

Maximalni unosnost vnéjsiho osténi tunelu je vyjadiena jako
funkce

Dy = Gy =Sk, 3 PIG) (19)
a tato hodnota musi splilovat podminku
q.<q,, (20)

kde k. =modul reakce podlozi — pro vypocet k= 25-50 MNm*

p/q = pomér vodorovného k svislému tlaku — pro vypocet pouZzi-
to p/q = 0,3-0,4,

q,, = 4,,,, = mezni Gnosnost osténi tunelu (kNm),

g, = skutecné svislé zatiZeni osténi tunelu (kKNm).

Vnitini sily v osténi tunelu a nasledné meze tnosnosti byly vy-
pocteny podle vySe uvedené metodiky pro cely obvod osténi. Nej-
menSi dnosnosti osténi g, jsou v nésledujici tabulce uvedeny pro
technologickou tfidu 4¢ a pro k. =25; 50 MNm? a p/q = 0,3; 0,4.

Minimélni hodnoty mezni Ginosnosti tunelového osténi dvouko-

Tab. 1 Mezni iinosnosti tunelového osteni
Table 1 Ultimate bearing capacities of tunnel lining

technologicka tfida 4c
excavation support class 4c

k=25 MNm? k=50 MNm?*
k=25MNm?* k=50 MNm?
plg=0,3 q,,= 153,3 kNm? 255,0 kNm?
plg=0.3 q,, = 153.3kNm? 255.0 kNm?
plg=0/4 q,, = 166,7 kNm? 270,0 kNm2
plg=0.4 q,, = 166.7kNm? 270.0 kNm?
technologicka tfida 5a
excavation support class 5a
plg=0,3 q,,= 143,3 kNm? 210,0 kNm?
plg=0,3 q,, = 143.3kNm? 210.0kNm?
plg=04 q,,=153,7 kNm? 221,0 kNm
plg=0,4 q,, = 153.7kNm? 221.0kNm?
technologicka tfida 5b
excavation support class 5b
plg=03 q,,=102,7 kNm? 160,0 kNm
plg=0,3 q,,=102.7kNm? 160.0kNm
plg=04 Q,,=119,2 kNm? 187,0 kNm?
plg=0/4 ° =119.2kNm? 187.0kNm?2

uo

pui(t)

=s, (15)
p() "
pu](t):s' (16)

When the coefficient

s <1,

the tunnel lining will satisfy at the ultimate limit state. When the
coefficient

5> 1,

the ultimate strength is exceeded and the structure will not satisfy
at the ultimate limit state.

The same procedure is applied to the assessment of coefficient
s, at all nodes around the lining circumference. Ultimate bearing
capacity is usually reached only at one point of the lining and it is
usually necessary to add the assessment to the lining serviceability
limit (deformation) and to the ultimate crack limit.

9. BEARING CAPACITY OF IVB - 07-22/02 DOUBLE-
TRACK TUNNEL LINING AS THE f(t) FUNCTION

In practice, this method of the ultimate limit bearing capacity of
a tunnel lining determining the critical point on the whole lining
circumference by computing the values s, was used at numerous
large tunnel construction projects, for example, the Brno-Cejl Utility
Tunnel — Intersection chamber in 1990, the Pisarky tunnel Brno on
1/23 road in BiteS$ska Street in 1994, the Hiebe¢ road tunnel on road
1/35, Hiebe¢ — Moravska Trebova in 1993, the double-track IVB-07
metro tunnel between Hloubétin and Cerny Most at chainage km
27.371-27.321 in 1994-1995. The structural analysis for the above-
mentioned tunnel construction projects carried out using the NATM
was carried out using the ultimate limit load method.

The track centre distance in the double-track tunnel is variable
along the length of 256.589m. For that reason three types of
lining were designed for the track centre distances of 4.405m,
3.900m and 3.700m. Results of the computation using the method
of ultimate limit load for the metro IVB-07 double-track tunnel
between Hloubétin and Cerny Most, with the track centre distance
of 4.405m, are presented as an example.

The bearing capacity of the double-track tunnel lining was deter-
mined for the modulus of sub-grade reaction km) = 25-50MNm?
(and for the proportion of the side pressure p/g= 0.30-0.40 and for
NATM excavation support classes 4c, 5a, 5b. The below presented
values of the bearing capacity of the primary lining were computed
for B20 (C16/20) concrete with the design ultimate strength
of 11.5MPa and for 10 425-grade steel with the design ultimate
strength of 375MPa. The values of the concrete strength gain with
time were taken over from Zapletal, A., Bucek, M., Bartak, J.
., Directive for designing linings constructed using the NATM” [5]
(see Fig. 1).

The values of internal forces M, N, Q. were computed for time
intervals 0.5; 0.75; 1; 3; 5; 7; 15; 28 days for all nodes of the
polygon numbered /-n on the lining circumference.

Maximum bearing capacity of the external lining of the tunnel is
expressed as the function

Dy = Qe =Sk, 3 PIG) (19)
and this value has to meet the condition
q,< 4, (20)

where kwp = modulus of sub-grade reaction — for the calculation
purpose k . = 25-50MNm~,
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. p/q = proportion of horizontal pressure to
:.r.!“ vertical pressure — for the calculation purpose p/g
L = =0.3-0.4,

£o 4, = 4, = ultimate bearing capacity of the

[ tunnel (kNm?2),
5 q. = actual vertical load acting on the tunnel

n lining (kNm™).
=400 The internal forces in the tunnel lining and
20 the following ultimate bearing capacity were
672 [hod] [hours] | calculated for the whole lining circumference
according to the above-mentioned methodology.
&0320[min] [min]| The lowest values of the bearing capacity of the
A lining ¢, are presented in the following table

Obr. 14 Mez tinosnosti q, dvoukolejného tunelu I1VB 07, osovd vzddlenost koleji 4405 mm
Fig. 14 Ultimate bearing capacity q,, of IVB 07 double-track tunnel, track centre distance 4405mm

lejného tunelu jsou uvedeny v grafu obr. 14, pro klenbu a opéfi,
pro intervaly 1; 3; 5; 7; 15; 28 dni. Kritické misto osténi je v opéfi
tunelu, tam je po celou dobu tuhnuti stfikaného betonu mensi mez
tnosnosti neZ v klenbé.

10. DEFORMACE OSTENI DVOUKOLEJNEHO TUNELU
IVB - 07-22/02 JAKO FUNKCE f(t)

Nedilnou soucéasti NRTM je monitoring. Metoda mezni tnos-
nosti tunelového osténi stanovi kritické misto na celém obvo-
du osténi tunelu vypoctenim hodnot s, a nasledné stanovi mezni
deformace Ax a Ay pro vybrané body na osténi tam, kde se bude
provadét méteni konvergenci. Deformace jsou vypocteny po celou
dobu vystavby od zahdjeni nastfiku betonu az do jeho zatvrdnuti
ve 28 dnu. Pro dvoukolejny tunel metra IVB-07 Hloubétin — Cerny
most byly vypocteny mezni deformace pro 0,5; 0,75; 1; 3; 5; 7; 15;
28 dni. Deformace jsou zavislé na modulu reakce podloZi, poméru
vodorovného ke svislému zatiZeni, pevnosti betonu a modulu de-
formace. Modul reakce podloZi k . a pomér bocniho tlaku p/g je ve
vypoctu uvazovan jako konstantni, R, a E, jsou proménné v Case.
Zde lze napsat pro deformaci klenby funkci

A= f(nw;g; - Em).

Vysledky vypoctu jsou uvedeny na obrazku 15. Jsou zde uvede-
ny mezni deformace Ay klenby dvoukolejného tunelu IVB, osova
vzdalenost koleji 4405 mm. V obdobi 0,5 az 28 dni se s nartistem
pevnosti a modulu deformace hodnoty meznich deformaci méni.
Monitoring musi v tomto piipadé velmi peclivé sledovat deformace
naméfené sedmy den, kdy povolend mezni deformace je 24 mm. Se
zvySujici pevnosti a modulem deformace je 28. den povolend mez-
ni deformace 31 mm (obr. 15). Stanoveni diskrétnich hodnot mez-

@2y

for excavation support class 4c and for k=25
S50MNm* and p/g=0.3; 0.4.

The minimum values of the ultimate bearing
capacity of the double-track tunnel lining are presented in Graph
in Fig. 14 for the vault and bench, for intervals 1; 3; 5; 7; 15; 28
days. The critical place of the lining is in the tunnel bench, where
the ultimate bearing capacity is lower than the capacity in the vault
throughout the period of shotcrete setting.

10. DEFORMATIONS OF IVB - 07-22/02 DOUBLE-TRACK
TUNNEL LINING AS THE f(t) FUNCTION

Monitoring is an inseparable part of the NATM. The Ultimate
Bearing Capacity Method determines the critical point on the
whole circumference of the tunnel by computation of s, values
and subsequently determines ultimate deformations Ax and Ay
for the points selected on the lining where convergences will be
measured. Deformations are computed for the whole duration of
the construction, from the beginning of the shotcrete application
until the hardening after 28 days. Ultimate deformations for 0.5;
0.75; 1; 3; 5; 7; 15; 28 days were computed for the metro IVB-
07 Hloubétin — Cerny Most double-track tunnel. The deformations
depend on the sub-grade modulus of deformation, the proportion
of horizontal load to vertical loading, the concrete strength and the
modulus of deformation. The modulus of sub-grade deformation
k., and the proportion of side pressure p/q is considered in the
computation to be constant, R, and E, are variable with time. In
our case, we write the function for deformation as follows:

A,(t)= f[KW;g; % Emj-

The computation results are presented in Fig. 15. There are
ultimate deformations Ay of the vault of the double-track tunnel
on the IVB metro line with the track centre distance of 4405mm
are presented there. In the 0.5 up to 28 day period, the ultimate

deformation values vary along with the increasing

2

[
-2

strength and modulus of deformation. In this case

Aylmm]

)
ol

mezni deformace A
limiting deformation Ay\

[
a

—— : .-I"'F-
— cmEl

P
Hr

lesaslouialoapuloing

h
=]

$:1]TWM 3 B I1JDI IIJI“IL:IiIIiII

1 i S

:
=
I

the monitoring has to follow very thoroughly
the deformations measured on the seventh day,
at which the ultimate deformation of 24mm
is permitted. With the increasing strength and
modulus of deformation, the ultimate deformation
value of 31mm is permitted on the 28" day (see
Fig. 15). Determining discrete values of ultimate
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tunnel lining is usually not carried out in structural
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analyses conducted using the FEM for as wide

Lo3peimin.] {min.] range time range as 0.5; 0.75; 1; 3; 5; 7; 15; 28

Obr. 15 Mezni deformace delta y(t) klenby dvoukolejného tunelu IVB 07, osovd vzddlenost koleji

4405 mm

Fig. 15 Ultimate deformation delta y(t) of IVB 07 double-track tunnel, track centre distance 4405mm

days is not usual. Values of ultimate deformations
are usually presented only for the 28" day after the
commencement of casting/spraying of concrete.
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nich deformaci pro monitorovana mista na osténi tunelu nebyva
ve statickych vypoctech provddénych MKP pro tak Siroké casové
spektrum (0,5; 0,75; 1; 3; 5; 7; 15; 28 dni) obvyklé. Hodnoty mez-
nich deformaci jsou uvadény obvykle jen pro 28. den od zahajeni
betondze.

Firma K+K prizkum s.r.o. (RNDr. J. Altmann) zaznamena-
la zkuSenost z vystavby tunelu Hrebe¢ (1995). Pfi monitorovani
deformaci osténi bylo zjisténo, Ze vypoctené mezni deformace Ax
a Ay stanovené metodou meznich deformaci (OPM), pro pevnost
betonu a modul deformace dosaZenych 28. den od nastiikani pri-
marniho osténi, jsou na nékolika mistech prekroceny. Kdyz poku-
sy o zastaveni probihajicich deformaci kotvenim svornikd nebyly
uspésné, pracovnici stavenis$té okamzit€ opustili a nasledné doslo
ke zficeni klenby. Hodnoty meznich deformaci a jejich peclivy mo-
nitoring tentokrat mozna zachrénil Zivoty pracovnikd.

11. ZAVER

Koeficient tnosnosti tunelového osténi s, popisuje rezervy
v Unosnosti osténi a rovnéz ukazuje misto, kde bude nejdfive dosa-
Zeno meze unosnosti. V souladu s rovnicemi (15) a (16) je kritické
misto osténi tam, kde koeficient s, je v€t3i nez 1. Praxe ukdzala, Ze
stanoveni meznich deformaci Ax a Ay v dobé tuhnuti stiikaného
betonu bylo velmi uzite¢né, projektant nemusi stanovovat mezni
deformace podle zkuSenosti nebo odhadem.

Vypocet deformaci terénu pro stanici metra Narodni tfida na tra-
se IB (zah4jeni stavebnich praci 1979, otevieni provozu na konci
roku 1985) provadény metodou kone¢nych prvkil firmou PUDIS
stanovil pokles terénu hodnotou 40 mm a naméfeny pokles byl
150 mm. Vypocet deformaci terénu nad raZenymi dily provadény
v sedmdesatych a osmdesatych letech minulého stoleti MKP byl
velmi drahy, ¢asové narocny a jak ukazuje priklad stanice Néarodni
tfida velmi neptesny. Provadét vypocty MKP pro osm casovych
intervald bylo v té dobé nerealné, a dokonce provadéni jen jednoho
vypoctu bylo ojedinélé.

Pro néavrh tunelového osténi projektant pouzivd s ohledem na
rozsah a duleZitost ukolu vypocetni metodu, ktera je bezpecna
a ekonomicka.

Ing. JAROMIR ZLAMAL, zlamal@pohl.cz, POHL cz, a.s.

Recenzoval Reviewed: doc. Dr. Ing. Jan Pruska
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The company of K+K prizkum s. r. o. (RNDr. J. Altmann)
registered the following experience from the construction of the
Hiebec tunnel (1995). It was found out during the monitoring of
deformations of the lining that the computed ultimate deformations
Ax and Ay determined using the ultimate deformations method
(UDM) for concrete strength and modulus of deformation
reached after 28 days after the application of the primary lining
were exceeded in several places. When the attempts to stop the
continuing deformations by anchoring with rock bolts failed, the
construction workers immediately vacated the tunnel and the vault
subsequently collapsed. The values of the ultimate deformations
and the thorough monitoring may have saved lives of the workers
at that time.

11. CONCLUSION

The coefficient of bearing capacity of tunnel lining s, describes
the reserves in the bearing capacity of a lining and, in addition,
shows the place where the ultimate bearing capacity will be reached
earliest. In accord with equations (15) and (16), the critical place
in the lining is where coefficient s, is greater than 1. The practice
has shown that the determination of ultimate deformations Ax and
Ay during the sprayed concrete setting period was very useful. The
designer does not have to determine ultimate deformations on the
basis of experience or by guessing.

The calculation of terrain deformations for Narodni Ttida station
on metro line IB (construction operations started in 1979, the
operation commenced at the end of 1985) conducted by the company
of PUDIS using the finite element method, determined the terrain
settlement value of 40mm and the 150mm settlement value was
measured. The computation of deformations of terrain above mined
workings which was carried out using the FEM in the 1970s and
1980s was very expensive, demanding for time and, as the example
of Narodni Ttida station shows, very inaccurate. Conducting FEM
calculations for eight intervals of time was unrealistic at that time
and conducting even one calculation was unique.

Taking into consideration the scope and importance of the task,
the designer uses a computation method for designing tunnel
linings which is safe and economic.

Ing. JAROMIR ZLAMAL, zlamal@pohl.cz, POHL cz, a.s.
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FOTOREPORTAZ Z RAZEB TUNELU MILOCHOV
— MODERNIZACE TRATI PUCHOV - ZILINA
PICTURE REPORT FROM THE EXCAVATION OF THE MILOCHOV
TUNNEL - MODERNISATION OF PUCHOV - ZILINA TRACK

Objednatel: Zeleznice Slovenskej republiky, Bratislava
Client: Railways of the Slovak Republic, Bratislava

FOTO ARCHIV SUBTERRA A.S. PHOTO ARCHIVES OF SUBTERRA A.S.

Fig. 1 Pohled na vychodni portdl tunelu Milochov Fig. 2 Realizace zdkladové desky hloubeného tiseku — zdpadni portdl tunelu
Fig. 1 A view of the eastern portal of Milochov tunnel Fig. 2 Realisation of base slab in the cut-and-cover section —western portal
of the tunnel
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Fig. 3 Dobirdni opéii a dna ve tFidé VT Ve Fig. 4 RazZba s ¢lenénou kalotou ve tiidé VT VI
Fig. 3 Bench and bottom excavation, excavation support class VT Vc Fig. 4 Sequential excavation of top heading, excavation support class VT VI

Fig. 5 Pohled na geologii Celby ve tridé VT Vc Fig. 6 Pohled do vyraZené cdsti tunelu

Fig. 5 A view of geology at excavation face, excavation support class VT Vc Fig. 6 A view down the excavated part of the tunnel
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FOTOREPORTAZ 2 WSTAVBY TUNELA ZILINA
PICTURE REPORT FROM ZILINA TUNNEL CONSTRUCTION

FOTO/PHOTO MICHAL FUCIK, DOPRASTAV, A.S.

Obr. 1 Sldvnostné poZehnanie sosky sv. Barbory, patrénky tuneldrov, Zilina, Obr. 2 Odtazba pritaZovacieho klina celby
5.11.2014 Fig. 2 Removal of the face supporting wedge
Fig. 1 Ceremonial blessing of the statuette of St. Barbara, the patron of miners,

Zilina, 5" November 2014

Obr. 3 Sldvnostnd prerdZka JTR 5. 12. 2016 Obr. 4 JuZnd tunelovd riira — sekunddrne ostenie
Fig. 3 STT breakthrough ceremony, 5" December 2016 Fig. 4 Southern tunnel tube — secondary lining

Obr. 5 Pohlad do priecneho prepojenia Obr. 6 Pohlad na zdpadny portdl tunela Zilina
Fig. 5 A view down the cross passage Fig. 6 A view of the western portal of the Zilina tunnel
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Spolecnost GEOtest, a.s.

poskytuje Siroké spektrum sluzeb

v inzenyrské geologii, geotechnice,
hydrogeologii a ekologickych oborech.

Je také dodavatelem geotechnickych praci
pro velké infrastrukturni projekty zahrnujici
tunely a daléi typy podzemnich staveb. www.geotest.cz

stfibrny partner konference
PODZEMNI STAVBY PRAHA 2019

PRECIZNI A SPOLEHL!VE RESENI
PRO VETRANI TUNELU

Jsme tradic¢ni ¢esky dodavatel komplexnich sluzeb pro vétrani tunelG. Montujeme
celd zafizeni a uvadime je do provozu, zajistujeme zarucni i pozaruéni servis.
Prosazujeme partnersky pristup a dlouhodobou spolupraci. Spolehnéte se na nas.

70 10000+ 34

Let Vyrobenych Zemi, kam
zkusenosti ventilatoru dodavame

FUVZ ) ZVVZMACHINERY WZYVE.CE

Clen skupiny ZVVZ GROUP
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Discover our
battery and electric
solution

United. Inspired.

The future is electric Partner of Conference
Underground Construction

We wait for no one. We want to change minds and Prague 2019

move markets. Our zero-emission equipment brings
massive savings on ventilation and creates a healthier

work environment for miners everywhere. e E iroc
epiroc.com p
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Ny rizene protiaky
"“; ® www.bezvykopu.cz

- Rizené protlaky HDD v délkdch az 400 m v primérech az 800 mm
- Bezvykopovou vystavbu vodovodu v obcich

- Bezvykopovou vystavbu kanalizaci v obcich

- Protlaéeni kameninovych trub do DN400 mm v délkdch do 70 m
- Protlaky ve skale

- Protlaky ocelovych chrdni¢ek

- Renovace potrubi metodou relining do priméru 1600 mm

TALPA-RPF, s.r.o.
Holvekova 36 ' ] ' g =™ & g | ‘ falparpf@talparpf

718 00 Ostrava-Kuncicky -y e—— N e ms www.talparpf.cz

I +420 596 237 019




MASTER®

> BUILDERS

S NAMI NAJDETE
SVETLO NA KONCI TUNELU

Hlavnimi prioritami spolec¢nosti BASF pri stavbé tunelll jsou bezpec¢nost a efektivita.
To vSak vyzaduje specializovanou inzenyrskou podporu, aplikacni know-how

a znalost nejmodernéjSi chemie. BASF umi naplnit vase potreby diky nasim

Master Builders Solutions. Potfebujete-li feSit stabilizaci a zpevnéni horninového
podlozi, efektivitu razby razicim stitem TBM nebo hydroizolace, nase Spickové
znalosti a zkuSenosti z celého svéta v oblasti stfikaného betonu, injektaZzi, technologie
TBM a stfikanych membran vam pomohou stavét vas tunel bezpecné a usporné.

Vice informaci naleznete na www.master-buiIders-solutions.basf.cz_I ,

-



¢ InZenyrska geologie
o Geotechnické inZenyrstvi a dozor staveb

o Geotechnicky monitoring a terénni zkousky
¢ Hydrogeologie

o Laboratorni zkousky zemin a hornin

o Geofyzika

¢ InZenyrska geodézie

« Sanace svahovych deformaci

e Vyzkum a vyvoj

Dcefina spolecnost SG Geotechniky a.s.,
GEOFOS s. r. 0., je predni slovenska
geologicka a geotechnicka firma

s dlouholetymi zkuSenostmi v inZzenyrské
geologii, geotechnice, terénnich mérenich,
ekologii a geodézii. Svym klientiim poskytuje
komplexni sluzby v oblasti prizkumu,
monitoringu, dozori a konzultaci v riznych
fazich planovani a vystavby silnic a dalnic,
vodohospodafskych staveb, tuneld a mosti,
Zeleznic a v oblasti zivotniho prostredi.



Monitoring geo-technickych stavieb
Uz takmer desafrodie ponukame opto-vidknovl
FBG technolagiu a rieSenia pre VaSe projekly.

Radi Vas stretneme na podujati PS2019 v Prahe,

FBG technologia
A Optiméalny pomer cena/kvalita/ Zivotnost
aDihodobi stabilita vysledkov merani

A Modularnost a Skalovatelos systému
Alntegrita signalu aj na velké vzdialenosti
P e i

Chcete se podilet na velmi zajimavych projektech
dopravnich staveb u nejvétsi projekéni firmy v CR?
Hledame kolegy pro projektovani v Ceské republice

a Némecku. V pripadé zajmu nas kontaktujte
na tel. +420 267 094 376, p. Bukovska

SUDOP PRAHA a.s.
“s u Do P je projektova, konzultacni a inzenyrska spolecnost s tradici vice
nez 65 let. Spole¢nost nabizi velmi Siroké portfolio komplexnich
(] PRA " A a profesionalnich sluzeb v oblasti dopravni infrastruktury,

pozemnich staveb a verejné dopravy, kde se soustfeduje

projekty - inzenyring - konzultace na velké projekty ze statniho i privatniho sektoru.

Olsanska 1a, 130 00 Praha 3 267 094 304 e-mail: praha@sudop.cz www.sudop.cz
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Geotechnicky pruzkum
a monitoring
podzemnich staveb

Inzenyrskogeologické a hydrogeologické
pruzkumy

* liniové stavby

* inZzenyrské stavby

* podzemni stavby

Geotechnika a diagnostika staveb
» polni a laboratorni zkousky

» geotechnické posudky
 stabilita svahl

* sedani podlozi

+ diagnostika staveb

« stavebné technické prizkumy

* pasportizace staveb

Monitoring podzemnich staveb
» vedeni geotechnického monitoringu

» geologické sledovani a dokumentace razeb

* bezpecnostni méfeni (konvergence,
extenzometrie, méfeni napéti tenzometry)

* méreni deformace povrchu a nadzemni zastavby
* mérfeni rozvoje trhlin na objektech
* monitoring hladiny podzemni vody

» geoelektrické korozni méreni

> &

Silnicni a Méstské inZzenyrstvi Vodohospodarské Podzemni stavby Konstrukce a inzenyrské
dopravni projekty projekty stavby
Diagnostika staveb a Zivotni prostredi Inzenyrska cinnost Geologie a geotechnika

monitoring pfi vystavbé

PUDIS a.s.

Nad Vodovodem 2/3258, 100 31 Praha 10
tel.: +420 267 004 111

www.pudis.cz

e-mail: inffo@pudis.cz

Jako prvni v CR vyuzivame horninovy dilatometr
pro méreni deformacnich charakteristik skalnich hornin in-situ.
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Dvojita prorazka tunelu na nové trati Follo Line

V cisle 1/2019 Casopisu Tunel jsme v Mozaice podrobnéji infor-
movali o postupu razeb skoro 20 km dlouhé dvojice tunel na nové
trati mezi Oslo a méstem Ski. Razby zajistuji ctyii TBM dodané
firmou Herrenknecht s tim, Ze k prorazce dvou usekti mélo dojit
koncem roku 2018.

Nyni jiz miZeme potvrdit, Ze k dvojité prordzce tseku tunelll na
okraji vnitfniho mésta Oslo doslo v predstihu proti planu 11. zafi
2018. Razba dvojice tunelt délky 9 km trvala 24 mésicti. Razby
tunell smérem k méstu Ski jesté pokracuji.

B Zelezni¢ni tunel Albula II prorazen

V cisle Tunelu 1/2018 jsme informovali o postupu razby nového
Svycarského tunelu Albula IT délky 5680 m, ktery vede soubézné
s pivodnim tunelem. Do nového tunelu bude pfemisténa Zelezni¢ni
trat a stary tunel po nutné rekonstrukci a propojeni s novym tu-
nelem bude slouzit jako tnikova cesta. Po tfech letech razby byl
novy tunel proraZen 2. fijna 2018 mimo jiné po tspéSném zvladnuti
nepiijemné poruchové zony, jejiz jedna Cast vyplnéna zvodnélym
dolomitickym praskem byla vyrazena pod ochranou zmrazeného
prstence horniny.

Dokonceni nového tunelu je planovano na konec roku 2021 a za-
hajeni provozu nésledné v roce 2022.

B Norské muzeum trhacich praci ziskalo cenu ITA-AITES

ITA-AITES kaZdorocné udéluje ocenéni podzemnich staveb
v osmi kategoriich. Ceny za rok 2018 byly udéleny v listopadu
2018 u pfileZitosti konani Cinské tunelaiské konference. Cenu
za inovativni vyuZiti podzemniho prostoru ziskalo Norské mu-
zeum trhacich praci ve skalnich hornindch. Toto muzeum bylo
zaloZeno pred 25 roky a nachazi se pobliz olympijského mésta
Lillehammer. Muzeum zabyvajici se historii norského tunelafstvi
a trhacich praci je mimo jiné umisténé v 240 m dlouhém pilkru-
hovém tunelu a je zfejmé jedinym takto zaméfenym muzeem na
SVEte.
B Thomas Marcher nastupcem prof. Wulfa Schuberta

Jak jsme informovali v minulém ¢isle ¢asopisu Tunel, prof. Wulf
Schubert odstoupil k 30. 9. 2018 z pozice $éfa Institutu mechaniky
hornin a tunelovani TU Gratz. Jeho nastupcem se stal od 1. 10.
2018 padesdtilety Thomas Marcher, vyznamny tunelafsky odbor-
nik, ktery piisobil ve vSech svétadilech svéta, snad s vyjimkou Ant-
arktidy. A samoziejmé pusobil jako expert i na nejvyznamnéjsich
tunelovych stavbach soucasnosti, mezi kterym nechybély londyn-
sky Crossrail a bazové tunely Gotthard a Brenner. Ve svych vy-
zkumech se prednostné zaméfil na chovani horninového masivu na
prechodu ze skalnich hornin do zemin.
B Naklady souvisejici se zpozdénim stavby Crossrail

Britska vlada oznamila, Ze z revize financovani stavby Crossrail
vyplynulo, Ze néklady vyvolané opozdénym zprovoznénim cent-
ralni ¢asti stavby mohou dosédhnout vySe 2 miliard liber. Pfislusné
autority jsou pripraveny tyto ndklady uhradit. Soucasné cena stav-
by ¢ini 17,6 miliardy liber.
B Podzemni knihovna v Sydney

V Sydney otevieli podzemni knihovnu o plose 3000 m?* ¢aste¢né
osvétlenou dennim svétlem. Umisténi knihovny do podzemi umoz-

nilo vytvorit na povrchu pro obyvatele vetfejny prostor o rozloze
8000 m?.

B Protipovodiiové opatieni v italském Janové

Velké privalové srazky v r. 2011 zplsobily zaplaveni mésta a smrt
Sesti lidi. Proto mésto pristoupilo k vybudovani 3,7 km dlouhého
tunelu o priméru 5,2 m, do kterého budou Sachtou hlubokou 42 m
svedeny povodiiové pritoky. Tunelem voda odtece pfimo do mofte.

Razby byly zahdjeny v roce 2015 a v soucasnosti se dokoncuje
betonové osténi tunelu, ktery ma byt uveden do provozu v prvé po-
loviné roku 2019.

B Madarska vlada rozhodla o stavbé novych tuneli v Buda-
pesti

Dokument, kterému pfedchézelo zpracovani rady studii a analyz,
byl zvefejnén v listopadu 2018. Mezi prioritni projekty patii tu-
nelové propojeni dvou hlavnich Zelezni¢nich stanic — jizni stanice
Déli a zdpadni Nyugati. Obé stanice jsou od sebe vzdalené 3 km.
Stanice Déli bude premisténa do podzemi a uvolni tak prostor na
povrchu pro méstskou zastavbu.

DalSim prioritnim projektem je stavba trasy metra ¢. 5, ktera pre-
ktizi Budapest ze severu na jih a pfipoji vySe poloZené ¢asti mésta.

Pomoc pii financovani obou projekti bude Budapest zadat od
Evropské unie na obdobi 2021 az 2027.
B Automobilovy tunel v Seatlu dokoncen

Stavba automobilového tunelu v Seatlu byla provdzena fadou
obtizi a mimofadnymi udalostmi. VSechny ale byly prekondny
a zacatkem roku 2019 by mél byt tunel uveden do provozu, coZ
nasledné umozni demolici dvoupatrové estakady, kterd oddéluje
centrum mésta od nabrezi a pristavu. Soucasné bude priléhajici za-
stavba osvobozena od hlukové zatéZe generované automobilovou
dopravou na estakade¢.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

NA SHROMAZDENi DELEGATU CKAIT

BYLA UDILENA CESTNA CLENSTVI

A VYHLASENY CENY INZENYRSKE KOMORY
ZA ROK 2018

Dne 30. 3. 2019 se v hotelu Pyramida konalo shromézdéni dele-
gati CKAIT, na némz byla nejprve udélena estna Clenstvi oceiiuji-
ci vyrazné osobnosti Ceské inZenyrské spolecnosti. Cestné ¢lenstvi
bylo udéleno i prof. Ing. Jifimu Bartakovi, DrSc., a to za celozi-
votni piinos Ceské inZenyrské spolecnosti nejen v oblasti geotech-
niky a podzemniho stavitelstvi.

V ramci XV. ro¢niku Ceny InZenyrské komory byla vyzname-
nana spolec¢nost INGUTIS, spol. s r.o., za projekt stavby ¢. 8615
,.Kolektor Hlavkav most*.

Myslenka stavby tohoto kolektoru vznikla jiz na prelomu tisi-
cileti, kdy zacala byt planovana rekonstrukce Hldvkova mostu
s ohledem na jeho technicky stav.

Od provedeni prvni studie vypracované firmou INGUTIS, spol.
s 1.0., aZ po kolaudaci stavby uplynulo témét 14 let. I na tomto
kolektoru je tfeba pfipomenout zasluhy znamych osobnosti jako
Ing. Jana Sochiirka, Ing. FrantiSka Dvordka a Jifiho Stredy, ktefi
se vyznamnym zpusobem podileli na rozvoji celé prazské kolek-
toroveé sité.




Kolektor Hlavkiv most predstavuje technicky velmi sloZitou
stavbu, kterd navic prochdzi pomérné komplikovanymi geologic-
kymi podminkami hluboko pod Vltavou. Jedna se o soubor navza-
jem propojenych objektt, které spolu tvofi jeden funkéni celek,
ktery rozsiril a propojil stivajici kolektorovou sit v Praze.

Spolecné se zhotovitelem stavby (sdruZenim Hochtief a.s. a Sub-
terra a.s.) se podafilo na stavbé kolektoru Hlavkiv most pouzit ne-
obvyklé technologie doposud na kolektorech nepouZité.

Bez vzijemné spoluprace, pochopeni a velkého osobniho nasa-
zeni vSech ucastnikll vystavby by tato stavba nevznikla v takové
kvalité. Stavba Kolektoru Hldvkiv most a zkuSenosti z ni ziska-
né se tak mohou stit novym smérem, jakym se bude ubirat nejen
vystavba kolektort v Praze, ale obecné vystavba podzemnich dél
malych profili v CR.

Ing. DANIEL SVEC,
svec@ingutis.cz, INGUTIS, spol. s r.o.

ZPRAVY 2 TUNELARSKYCH KONFERENCI
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Obr. 1 Kolektor Hldvkiiv most
Fig. 1 Hldvkuy Bridge utility tunnel constuction

NEWS FROM TUNNELLING CONFERENCES

MEZINARODNI SEMINAR ZPEVNOVANI, TESNENi A KOTVENI HORNINOVEHO MASIVU

A STAVEBNICH KONSTRUKCIi 2019 V OSTRAVE

INTERNATIONAL SEMINAR ON REINFORCING, SEALING AND ANCHORING OF GROUND MASS
AND CIVIL ENGINEERING STRUCTURES 2019 IN OSTRAVA

The 24™ annual traditional seminar Reinforcing, Sealing and
Anchoring of ground mass and civil engineering structures 2019
was held on premises of the VSB Technical University of Ostrava
on 14™ — 15" February 2019. It was organised by the Faculty of
Civil Engineering of the VSB-TUO and Minova Bohemia s.r.o.
This year’s seminar was attended by over 100 professionals from
firms, university workplaces and research organisations from the
Czech Republic and abroad. The total of 26 papers focused on the
fields of geotechnical engineering and underground construction
engineering, as well as mine construction engineering were
presented within the framework of the seminar.

Ve dnech 14.-15. 2. 2019 se konal v prostorach VSB-Technic-
ké univerzity Ostrava jiz 24. ro¢nik tradi¢niho seminére Zpev-
novani, tésnéni a kotveni horninového masivu a stavebnich kon-
strukci 2019, organizovaného ve spoluprdci Fakulty stavebni
VSB-TUO a firmy Minova Bohemia s.r.o. Leto$niho roéniku
seminare se ucastnilo pres 100 odbornikd z firem, univerzitnich
pracovist a vyzkumnych organizaci z Ceské republiky i ze zahra-
nic¢i. V ramci seminére zaznélo 26 prispévkd zamérenych jak na
oblasti geotechniky a podzemniho stavitelstvi, tak i na hornické
stavitelstvi.

Pracovnici firmy Metrostav a.s. prezentovali ve svych pii-
spévcich problematiku definitivniho zajisténi propojky na tu-
nelu Ejpovice s vyuzitim stfikaného dratkobetonu a dale velmi
zajimavy prispévek tykajici se razby stanice Espoonlahti a k ni
prislusejicich tratovych tuneli metra na prodlouZeni stavaji-
ci trasy metra z Helsinek do mésta Espoo ve Finsku. Prispévek
popisoval ziskané zkuSenosti a feSeni zastiZzenych problému ze-
jména s ohledem na specifika provadéni razeb v Zulovych hor-
nindch v husté rezidencni zéastavbé, vyplyvajici nutnost mini-
malizace Uc¢inki trhacich praci na okolni zastavbu a provadéni
predstihovych a naslednych injektaZnich praci. Ing. Velicka z fir-

my Subterra a.s. prednesl prispévek shrnujici dosavadni zkusSe-

nosti z realizace tunelu Milochov na Slovensku, a to pfedevS§im
s ohledem na zmény realizace stavby v souladu se skute¢né za-
stizenymi geologickymi podminkami (zejména dodatené za-
jisténi predpoli razby tryskovou injektdZzi a zménu vystrojovaci
tfidy v pocatecnim useku razby). Kolektiv firmy Minova Bohe-
mia s.r.o. pfedstavil ve svém piispévku nékteré aktudlni trendy
v technologiich podzemniho stavitelstvi — tenké stiikané mem-
brany fady TekFlex, injek¢éni zavrtdvaci systém SDIL s integro-
vanym injek¢nim obturatorem umoziujici vysokotlakovou injek-
tdZ a IBO horninové svorniky se zvySenou poddajnosti urcené
pro prostiedi vysokych tlakl a prostfedi s rizikem dynamickych
ucinkd.

Zastupce australské firmy GroundProbe ptedstavil ve svém pii-
spévku inovativni zafizeni pro efektivni monitoring konvergenci
zaloZené na LIDAR (Light Detection and Ranging) technologii.

Ing. Franczyk prezentoval ve svém piispévku praktické zkuse-
nosti se zpevilovanim okolniho prostiedi pfi realizaci $tol malého
prifezu mikrotunelovanim.

Problematice zvySovéni spolehlivosti t€snicich opatfeni staveb-
nich jam a podlozi malych vodnich elektraren se vénoval prispé-
vek prof. Hully ze Slovenské technické univerzity v Bratislavé.
Kolektiv autorti z firmy Minova Bohemia s.r.o. dokumentoval
moznosti vyuZiti nové vyvinutych vylepsenych optimalizovanych
chemickych injektdZnich hmot na piikladu sanace prasakia hraze
vodniho dila. Prispévek Ing. Grossmanna s ndzvem ,,Dokumen-
tace provadéni injek¢nich praci — pomocnik, nebo nutné zlo?*
poukazal na piinos provadéni dokumentace okolnosti, prabéhu
a vysledku injek¢nich praci pro jejich realizatora i samotného in-
vestora.

Ucastniky seminafe urcité zaujala i prednaska zdstupce firmy
STRIX Chomutov a.s. o aplikacich bezpilotnich systému (dro-
nd) pfi monitorovani vyvérli podzemni vody, pasportizaci svahil
a skalnich dtvara a ke sbéru dat pro vypocet objemu sanované
horniny. Spole¢né s firmou SG-GeoinZenyring s.r.o. a firmou
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CEZ a.s. piipravili pracovnici této firmy rovnéZ prezentaci o za-
bezpeceni stability brehového pasma precerpavaci vodni elektrar-
ny Dlouhé Strané.

Prispévky pfipravené ve spolupraci firmy MATTEO s.r.o. a fir-
my Minova Bohemia s.r.o. ukdzaly na redlnych stavbach jednak
efektivni moznosti aplikace trvalého kotveni svahl a objekti
arovnéz doCasného zajisténi nasypu a vykopu s vyuZitim kombi-
nace larsenovych stén a docasnych ty¢ovych kotev a téhel.

Zajimavym piispévkem, prezentujicim komplexni statické za-
jisténi a rekonstrukcei stavebnich ¢asti cerveného Zamku v Hrad-
ci nad Moravici zahrnujici mikropilotové podchyceni, ploSnou
cementovou a chemickou injektdz, kotveni samozavrtnymi ko-
tevnimi tycemi a aplikaci celozavitovych kotevnich ty¢i pii re-
spektovani specifik historického komplexu budov, byl pfispévek
Ing. Sukenika (Minova Bohemia s.r.o.).

Problematika hornického stavitelstvi byla na seminafi zastou-
pena nékolika pfispévky Ceskych i zahrani¢nich autord. V tvo-
du semindfe zaznél prispévek autorti z CBU Praha, ktery byl
vénovan mimoradnym uddlostem a urazdm, které mohou vzni-
kat pfi hornické ¢innosti a ¢innosti provadéné hornickym zpu-
sobem. Kolektivy autorii z firmy OKD a.s. a Minova Bohemia
s.r.0. predstavily dva pfispévky. V prvnim z nich se autofi vénuji
problematice razby dilni chodby, kde bylo pro dlouhodobou sta-
bilizaci vyuzito svornikovani, vysoké kotveni i injektdZni kotvy.
Druhy pfispévek zastupci vyse uvedenych firem byl zaméren
na zajimavou moznost vyuZiti nového produktu ADIBET — PM
(jednoslozkova hydraulickd prefabrikovand napénujici smés na
bazi cementu s té€snicim ucinkem) pfi sanaci potrubi ve vydusné
jameé OKD v lokalit¢ Chlebovice pred jeji likvidaci. Spolecné
se zastupcem firmy GEOFINAL a.s. pak obé diive zminéné fir-
my predstavily novou mobilni vrtaci a svornikovaci technologii
ANDRIBOT - prezentovana diilni souprava je vhodné predevsim
v dulnich dilech malych rozméri, nevyzaduje ptikotveni k dal-

ZELEZNICNI MOSTY A TUNELY 2019
RAILWAY BRIDGES AND TUNNELS 2019

The 24" annual conference Railway Bridges and Tunnels was
held in the conference hall of Olsanka Hotel on 17" January
2019. Even though this conference does not belong among the
most important events of the year from the point of view of the
underground construction industry, it has become for the long years
of organising it a traditional place of meetings of professionals in
the field of tunnel construction projects.

Dne 17. ledna 2019 se v kongresovém sélu hotelu Olsanka konal
jiz 24. ro¢nik konference Zelezni¢ni mosty a tunely. Stejn& jako
v predchozich ro¢nicich byla i letos konference rozdélena do tfech
blokd, kde I. a III. blok byl vénovan mostim a II. blok se zabyval
tunely. Ve II. tunelaiském bloku bylo prezentovano celkem pét od-
bornych prednasek.

Prvni pfednasku si pfipravil pan Ing. Jifi Velebil ze spol. SUDOP
PRAHA a.s., ktery posluchacim predstavil projekt Rekonstruk-
ce nelahozevskych tunelii, v soucasnosti zpracovavany ve stupni
DUR.

Ve druhé prednasce se Ing. Pavel RaZicka ze spol. HOCHTIEF
CZ a.s. s posluchaci podélil o zahrani¢ni zkuSenosti ze stavebni
praxe nabyté v Némecku pfi realizaci tunelu Bad Cannstatt v rimci
stavby Stuttgart 21.

ni ocelové obloukové vyztuZi, vysoky kroutici moment a pfitlak
umoznuji provrtavat rozrusené vrstvy hornin bez ztraty soutyci.
ZkuSenosti s chovanim svornikové vyztuze stropu a bokill stén
ponechanych pilifi pfi zkuSebnim provozu modifikované metody
komora-pili na Dole CSM byly na seminafi prezentovany kolegy
z Ustavu geoniky AV CR v Ostravé. Zastupce firmy Epiroc ze
Svédska prezentoval vyuZiti injektdZnich pryskyfic v kombinaci
se zavrtavacimi svorniky v obtiZznych podminkdch hlubinného
rudného hornictvi. Ing. Polus z Polska pak ve svém prispévku
informoval o moznostech vyuziti miiZzoviny ze skelnych vlaken
v hornickém i podzemnim stavitelstvi. Kolektiv autori VSB-TUO
a firmy Minova Bohemia s.r.o. pfipravil pro tc¢astniky seminére
prispévek zabyvajici se dimenzovanim protivybuchovych dilnich
hrazi budovanych z materialu ADIBET TP-T9, ktery umoZziiuje
operativnéjs$i vystavbu dilnich hrazi ve srovnani se standardné
pouZivanymi materidly.

Kolegové z Fakulty stavebni Slezské Politechniky v Gliwicich
pripravili nékolik velmi zajimavych prispévki z oblasti vyuZiti
nedestruktivni metody analyzy stavu povrchu vozovky, vyuZiti
zpeviujici sité ze skelnych vldken a dale materialu ze smési be-
tonu, popilku a prachu z recyklovanych pneumatik v dopravnim
stavitelstvi. Byly rovnéZ prezentovany vysledky vyzkumu tohoto
univerzitniho pracovisté ziskané ve spolupréci s Ing. Polusem ty-
kajici se vlastnosti smési betonu, skelnych vldken a zeolitu.

I tento ro¢nik seminare prokdzal vyznam takovychto odbornych
setkdni a organizatofi véfi, Ze se zdjem o problematiku zpeviiova-
ni, tésnéni a kotveni horninového masivu a stavebnich konstrukci
potvrdi i v ramci pristiho 25. ro¢niku tohoto seminéare, na ktery
jste jiz dnes vSichni srde¢né zvéni.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vysb.cz,
Fakulta stavebni VSB-TU Ostrava

Ve tieti prednisce hovofil pan Ing. Milan Majer ze SZDC, s.o.
o zkuSenostech investora z realizace tunelu Ejpovice, na kterou na-
vézal pan Ing. Stefan Ivor ze spol. Metrostav a.s. étvrtou prednas-
kou o zkuSenostech z razeb tunelit Ejpovice pomoci technologie
TBM.

Tuneléarsky blok spolecné zakoncili Ing. Marcel Postek a Ing.
Tomas Zitko ze spol. SUDOP PRAHA a.s. pfednaskou na téma
Navrh Zelezni¢nich tunelt v jilech. V predndSce nejprve struc-
né popsali zékladni principy a zasady konven¢ni metody ,,SCL*
a poté predstavili navrh raZenych tunell na stavbé Brno — Prerov,
navrzené v souladu s touto, v naSem regionu zatim nepouzitou,
metodou.

Ackoli tato konference nepatii z hlediska podzemniho stavitel-
stvi k nejvyznamnéj$im udalostem roku, za dlouhd 1éta poradani
se jiz stala tradi¢nim mistem setkdvani milovnika Zeleznice z fad
spravcd, investord, projektantll a staviteld, ktefi tak maji mozZnost
predat si své odborné zkuSenosti ziskané v oblasti Zelezni¢nich
mostl a tuneld.

Ing. TOMAS ZITKO, CEng
MICE, EUR ING

SUDOP PRAHA a.s.
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA

MEZNO A DEBOREC - NOVE ZELEZNIENi TUNELY
NA IV. ZELEZNIENIM KORIDORU

V ramci stavby ,,Modernizace trati Sudoméfice — Votice* se bu-
duji dva nové Zeleznicni tunely. Investorem stavby je Sprava Zelez-
ni¢ni dopravni cesty, s.0. a zhotovitelem stavby spole¢nost OHL
78, a.s.

Tunel Mezno

Tunel Mezno je raZeny Zelezni¢ni dvoukolejny tunel celkové dél-
ky 840 m, z toho raZena Cast tvori 768 m, navazujici hloubena Cast
u vjezdového portdlu mé délku 48 m a u vyjezdového portdlu 24 m.

Aktudlné jsou dokoncovény objekty a provozni soubory pro za-
jisténi stavajicich vodnich zdrojl, které je nutné zrealizovat pred
zahdjenim praci na tunelu. Pfedpokladané zahdjeni praci na tunelu
Mezno je v 1. poloviné roku 2019.

Tunel Deborec

Tunel Debore€ je razeny Zeleznicni dvoukolejny tunel celkové
délky 660 m, z toho raZena Cést tvori 562 m a navazujici hloubené
¢asti u obou portalid maji délku 49 m.

Aktudlné probiha razba tunelu z vyjezdového (severniho) porta-
lu. Uvodni metry raZby probihaji v t&7kych geologickych podmin-
kach. ZastiZzeny byly zvétralé az zcela zvétralé pararuly pevnostni
tiidy R4 aZ R5 (misty az R6), hornina je siln€ rozpukand, smér
sklonu foliace je cca 270°, sklon cca 40°. Hornina ma z hlediska
razby neprtiznivy uklon vrstev tpadné ven z Celby. V téchto pod-
minkach je aplikovdna navrzena vystrojovaci tfida 5bl s horizon-
talnim ¢lenénim vyrubu na kalotu, jadro a protiklenbu. Stabilita
pristropi je zajiStovana mikropilotovymi deStniky délky 12 m vrta-
nymi z tunelu a systémovymi zpeviiujicimi injektaZemi. Primarni
osténi je tvoreno stitkanym betonem tl. 400 mm se dvéma vrstvami
KARI sit€ 150x 150/8 x 8 mm, déle radidlnimi kotvami IBO R 32
délky 6 m. Délka zdbéru v kalot€ je 0,9 m. K 20. 3. 2019 bylo vyra-
Zeno 32 tunelmetri v kaloté, 20 v jadfe a 19 m protiklenby.

Ing. TOMAS JUST,
tjust@ohlzs.cz, OHL Z8, a.s.

Obr. 1 Tunel Deborec
Fig. I Deborec tunnel

THE CZECH REPUBLIC

MEZNO AND DEBOREC — NEW RAILWAY TUNNELS
ON RAILWAY CORRIDOR IV

Two new railway tunnels are under construction within the
framework of the project titled “Modernisation of Sudoméfice —
Votice railway track”. The Railway Infrastructure Administration,
state organisation, is the project owner and OHL ZS, a.s. is the
contractor.

Mezno tunnel

The Mezno tunnel is a mined double-track railway tunnel with
the total length of 840m. The mined part of the tunnel is 768m
long, and the cut-and-cover parts at the entrance portal and the exit
portal are 48m and 24m long, respectively.

Construction objects and operating units for securing the existing
water resources, the realisation of which has to be finished before
the commencement of the work on the tunnel, are currently being
completed. The commencement of the work on the Mezno tunnel
is planned for the 1* half of 2019.

Debore¢ tunnel
The Deborec tunnel is a mined double-track railway tunnel with
the total length of 660m. The mined part of the tunnel is 562m
long, and the cut-and-cover parts at both portals are 49m in total.
The tunnel excavation from the exit (northern) portal is currently
underway. The initial metres of the excavation proceed under
difficult geological conditions. Weathered to completely weathered
paragneiss, strength classes R4 up to RS (locally even R6), was
encountered; the rock mass is heavily fractured, the foliation trend
is ca 270°, dipping ca 40°. The dip of the layers is unfavourable
for the excavation, downhill from the excavation face. In those
conditions, 5bl excavation support class is designed, with a
horizontal excavation sequence comprising top heading, bench and
invert. Stability of the top heading is provided by 12m long canopy
tube pre-support installed from within the tunnel, and a system of
reinforcing grouting. The primary lining is formed by 400mm thick
shotcrete with two layers of KARI 150x150/8x8mm welded mesh
and 6m long IBO R 32 radial anchors. The excavation rounds in the
top heading are 0.9m long. As of 20" March 2019, 32 tunnelmetres
were excavated in top heading, 20 metres in bench and 19m in
invert.
Ing. TOMAS JUST,
tjust@ohlzs.cz, OHL Z8, a.s.

THE SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ovciarsko and zilina tunnels

There are two double-tube motorway tunnels in the 13.2km
long Hricovské Podhradie — Lietavska Lucka section of the D1
motorway: the Ovciarsko and the Zilina. The Consortium formed
by the companies of Doprastav, a.s., Strabag, s.r.o., Vahostav — SK
a.s., and Metrostav, a.s. is the contractor.

The 2367m long Ovciarisko tunnel excavation started on 12"
September 2014.
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SLOVENSKA REPUBLIKA
TUNELY NA DIALNICNEJ SIETI

Tunely Ov¢iarsko a Zilina

Na tseku D1 Hricovské Podhradie — Lietavska Licka s dizkou
13,2 km sa nachadzaju dva dialniéné dvojrirové tunely: Ovciarsko
aZilina. Zhotovitelom stavby je ZdruZenie spolocnosti Doprastav, a.s.,
Strabag, s.r.o., Vahostav — SK a.s., Metrostav, a.s.

Tunel Ovéiarsko s dizkou 2 367 m sa zacal razit 12. 9. 2014.

Samotna vystavba tunela Ovciarsko sa zacala v roku 1996 raze-
nim prieskumnej $tolne. Prieskumné §tdlia tunela bola prerazena
v 04/1998. Slavnostné zacCatie vystavby tseku dialnice Hricovské
Podhradie — Lietavska Lucka sa uskuto¢nilo 20. februara 2014; za-
Catie razenia tunela sa uskutocnilo v 09/2014 v naro¢nom geologic-
kom prostredi. Zaujimavou informéciou je fakt, Ze tunel sa dockal
prerazenia po 18 rokoch, ked bola prerazena jeho prieskumna $tolna.

Tunel Ov¢iarsko je 2 367 m dlhy dvojrirovy tunel budovany
v ramci stavby D1 Hricovské Podhradie — Lietavskd Lucka (obr. 2).
Stavia sa v plnom profile v kateg6rii 2T-8,0/100 s prejazdnou vys-
kou 4,80 m. Sirka vozovky medzi obrubnikmi je 7 m, ohrani¢ena
beténovym obrubnikom na jednej strane a $trbinovym Zlabom na
druhej strane. Sirka chodnikov po oboch strandch vozovky je 1 m.
Od zapadného portalu sa razilo dovrchne so sklonom v severnej
tunelovej rire 1,68 % a v juznej tunelovej rure 1,70 %. Tunely sa
razili metddou NRTM (Nov4 rakuska tunelovacia metdda). V kaz-
dom tuneli su 3 nidzové zalivy a 16 SOS kabin. Medzi tunelmi je
8 priecnych prepojeni (3 prejazdné a 5 priechodnych). V predpor-
talovych dsekoch je povrch vozovky asfaltobetonovy. Konstrukciu
vozovky tvori ochrannd vrstva Strkodrvy hribky min. 270 mm,
podkladna vrstva CBGM hrtibky 180 mm a cementobeténovy kryt
vozovky hribky 250 mm.

Pre tunel Ovciarsko bolo vyprojektovanych celkovo 13 typov pri-
marneho vystrojenia. Vystrojovacie triedy (VT) navrhol projektant
tunela v zmysle TP 021. Spdsob vystavby zéavisel od vysledkov hod-
notenia inZinierskogeologickej dokumentécie vyrubu.

V stcasnosti prebiehaji dokoncovacie prace na technologii tunela,
asfaltovych zalievkach na chodnikoch, natery ostenia a vrcholu klen-
by tunela. Ide o préace, ktoré st zavislé od vhodnych poveternostnych
podmienok.

Dobudovanim dialnice D1 Hri¢ovské Podhradie — Lietavska Lucka
sa vytvoria podmienky k odlahceniu dopravy na cestich 1/18 a 1/64,
¢o vyrazne prispeje k zniZeniu negativnych vplyvov dopravy na Zi-
votné prostredie v meste Zilina a obci Lietavska Liicka. V porovnani

The Ovciarisko tunnel excavation itself commenced in 1996 by
driving the exploratory gallery. The gallery was broken through
in August 1998. The celebration of the commencement of the
Hricovske Podhradie — Lietavska Lucka section of the construction
of the D1 motorway was held on 20" February 2014; the tunnel
excavation passing through a difficult geological environment
started in September 2014. The information that the tunnel was
broken through after 18 years, when its exploratory gallery had
been broken through, is certainly interesting.

The Ovciarsko tunnel is a 2367m long double-tube tunnel
constructed within the framework of the Hricovske Podhradie —
Lietavska Lucka section of the D1 motorway (see Fig. 2). It is
being driven full-face, in 2T-8.0/100 category with the clearance
profile height of 4.80m. The kerb-to-kerb roadway width amounts
to 7m. The roadway is bounded by concrete kerbs on one side and
slotted drain troughs on the other. The walkways on both sides are
Im wide. The tunnel was driven uphill from the western portal,
at an angle of 1.68% in the northern tunnel tube and 1.70% in the
southern tube. The tunnels were driven using the NATM (the New
Austrian Tunnelling Method). There are 3 emergency lay-bys and
16 emergency call cabins in each tunnel. Eight cross passages are
between the tunnel tubes (3 passable for vehicles, 5 passable for
persons). In the pre-portal sections, there is an asphaltic concrete
roadway surface. The roadway structure consists of a min. 270mm
thick protective gravel-sand layer, a cement-bound mixture sub-
base 180mm thick and a 250mm thick concrete top layer.

Regarding the Ovciarisko tunnel, 13 types of primary support
in total were designed for the excavation. The excavation support
classes were proposed by the tunnel designer in the meaning of
the technical specification TP 021. The construction procedure
depended on results of the assessment of the engineering geological
documentation of the excavation.

At present, finishing work on the tunnel equipment, filling of
joints in walkways with asphalt, coating of tunnel linings and
the upper vault are underway. Those work operations depend on
suitable weather conditions.

Conditions for significant decongestion of traffic on the I/18 and
1/64 roads will be created by the completion of the construction
of the Hricovske Podhradie — Lietavska Lucka section of the
D1 motorway. It will significantly contribute to the reduction in
negative impacts of traffic on the environment in the town of Zilina
and the municipality of Lietavska Lucka. In comparison with the
existing state, this motorway section will have more socio-economic
effects, first of all reduction in travel time by 15 minutes. Even the

quality of other conditions for traffic

Obr. 2 Tunel Ovéiarsko — pohlad na tunelové riry zo zdpadného portdlu
Fig. 2 Ovciarsko tunnel —tunnel tubes viewed from the western portal

will be increased: fluency, transport
speed and traffic safety will grow.
At last but not least, the motorway
will have significant influence on the
future development of the region.

The Zilina tunnel is a 687m long
double-tube motorway tunnel. The
tunnel excavation started in July 2014.

Construction work on the Zilina
tunnel objects has currently been
slowly ending. During the course
of the whole construction, the
contractor had to solve unfavourable
circumstances in the form of ex-
tremely difficult engineering geo-
logical conditions issuing in the
origination of two extraordinary
events — excavation collapses in



s existujicim stavom bude mat tento dialni¢ny usek viaceré socio-
-ekonomické efekty, predovsetkym v skrateni Casu jazdy o 15 mintit.
Skvalitnia sa i dalSie podmienky pre dopravu; zvysi sa plynulost,
rychlost a bezpecnost premavky. V neposlednom rade bude mat dial-
nica aj velky vplyv na dalsi rozvoj regionu.

Tunel Zilina je 687 m dlhy dvojrirovy dialni¢ny tunel, ktory sa
zacal razit v juli 2014.

V sti¢asnosti sa prace na stavebnych objektov tunela Zilina po-
maly koncia. Pocas celej vystavby musel zhotovitel tunela riesit
nepriaznivé okolnosti v podobe extrémne niro¢nych inZiniersko-
geologickych podmienok, ktoré vyustili do vzniku dvoch mimo-
riadnych udalosti — zavalov v 01/2015 a v 11/2015. V dosledku
tychto udalosti boli raziace price na tuneli na niekolko mesia-
cov prerusené, a aj napriek tomu, Ze sa pristipilo k razeniu tu-
nela z oboch portalov, bol tunel prerazeny az v 01/2017, teda po
731 diioch od zacatia préc.

Aj realizacia sekundarneho ostenia bola ovplyvnend zmenami vy-
strojovacich tried tunela, o sa prejavilo vo vyssej spotrebe vystuze
a beténu na realizéciu tzv. tazkych blokov, ktoré boli navrhnuté v ob-
lasti s mikropilétovymi daZdnikmi. Adekvatne k tomu sa prediZil aj
Cas na realizaciu jednotlivych blokov sekundarneho ostenia; betonaz
kazdej tunelovej rury trvala zhruba Styri mesiace.

Po dobetonovani sekundarneho ostenia pokracovali prace jednak
vo vnltri tunelovych rir, a takisto aj na portaloch tunela. Postup
prac, ako aj ich Casovéd naslednost boli zvolené takym spdsobom,
aby sa nenarusil harmonogram vystavby cementobeténovej vozovky
v tuneli. Aj prace na portalovych plochéch tunela boli organizované
so zdmerom, aby nezdrZovali planované kladenie cementobetonove;j
vozovky.

BetoniZ cementobetonovej vozovky v tuneli Zilina sa realizovala
v obdobi 06/2018 a v oboch tunelovych rarach trvala spolu 8 dni,
pri¢om bolo zabudovanych 3 603 m? beténu.

Definitivne tdpravy portdlov tunela Zilina st rie$ené pri oboch
tunelovych rurach pomocou stabilizacnych vystuzenych nasypov
s gabionovym obkladom. Tieto prace vratane konecnych terénnych
uprav a zahumusovania su taktiez v Stadiu dokoncovania.

V sucasnosti prebiehaji dokoncovacie prace na realizécii tech-
nologického zariadenia, kompletizicii kdblovodov, ukladanie za-
krytovych dosiek a priprava na findlnu asfaltovi vrstvu chodnikov.
Vicsina technologického zariadenia uz je namontovand, pokracuje
dopéjanie kablovych rozvodov a postupné spustanie osvetlenia,
nudzovych osvetleni a technologického vybavenia SOS kabin. Po
uloZeni vSetkych kéblov sa realizuje pokladka zakrytovych prefa do-
siek, ich obeténovanie, dotmelenie Skar a priprava na vrstvu z liateho
asfaltu.

Tunel Cebrat

Stcastou dialni¢ného useku D1 Hubové — Ivachnova je dvojrirovy
tunel Cebrat (1994 m).

V uplynulych mesiacoch boli diagnostikované rozsiahle problémy
so stabilitou tizemia na zapadnom portali tunela Cebrat a nadvizuji-
com useku dialnice, ktoré si vyzaduju rozsiahle zmeny v technickom
rieSeni, ktoré musia byt posidené v procese EIA a nasledne povole-
né v zmysle stavebného zakona. Z tohto dovodu st aj v sicasnosti
(marec 2019) eSte stéle prace na tomto tuneli pozastavené a realizuje
sa len projekt geologickej ulohy.

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS, a.s., a V4-
hostav — SK, a.s.

Tunel Visioveé
Najdlhsim slovenskym dialni¢nym tunelom mé byt tunel Visiio-
vé s dizkou 7,5 km, ktory je sucastou useku dialnice D1 Lietavska
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January 2015 and in November 2015. As a result of those events,
the tunnelling operations were suspended for several months and,
despite the fact that the contractor proceeded to excavate the tunnel
from both portals, the tunnel was broken through as late as January
2017, 731 days after the work commencement.

Even the construction of the secondary lining was influenced by
changes in the excavation support classes, which fact manifested
itself in higher consumption of concrete reinforcement and concrete
required for the realisation of the so-called “heavy blocks”, which
were designed for the area provided with canopy tube pre-support.
The time required for the realisation of individual secondary lining
blocks was also adequately extended. Concreting of each tunnel
tube took roughly four months.

After the completion of concreting the secondary lining, the
work continued inside the tunnel tubes and at the tunnel portals.
The progress of work operations and their time sequence were
chosen taking into consideration the fact that disrupting the works
schedule for concreting the roadway in the tunnel was forbidden.
Even the work on the pre-portal surfaces was organised with the
intention not to delay the planned placing of the concrete pavement.

The work on the concrete roadway pavement in the Zilina
tunnel was carried out in both tunnel tubes in June 2018 and lasted
together 8 days; 3603m? of concrete were placed.

The final work at the Zilina tunnel portals of both tunnel tubes
are solved by reinforced stabilisation embankments with gabion
cladding. This work, including terrain finishes and soiling, is also
at the finishing stage.

The finishing work on the installation of tunnel equipment,
completing the cableways, placing cover plates and preparation for
casting the final asphalt layer on walkways are currently underway.
The installation of the majority of technology equipment is already
finished and the work on final connections of cables proceeds, as
well as step-by-step starting of tunnel illumination, emergency
lighting and technical equipment of emergency call cabins. After
all cables are laid, pre-cast cover plates are placed and encased
in concrete, joints are filled with a sealant and pouring of mastic
asphalt layer is being prepared.

Cebrat tunnel

The double-tube Cebrat tunnel (1994m long) is part of the
Hubova — Ivachnova section of the D1 motorway.

Extensive problems with the stability of the area at the western
portal of the Cebrat tunnel and the following section of the
motorway were diagnosed in recent months. They require extensive
changes in the technical solution. They have to be assessed in the
EIA process and subsequently be permitted in the meaning of the
Building Code. This is the reason why the work on this tunnel is still
suspended and only the geological task project is being realised.

The construction work is being realised by a consortium formed
by OHL ZS, a.s., and Vahostav — SK, a.s.

Visnove tunnel

The 7.5km long Visnove tunnel is to be the longest Slovak
motorway tunnel. It is part of the Lietavska Lucka — Visnove —
Dubna Skala section of the D1 motorway running south of the
regional capital Zilina. The consortium formed by Salini Impregilo
S.p.A and Duha, a. s. is the contractor for the motorway section
on the basis of a contract signed by Narodna dialnicna spolocnost
(National Motorway Society) on 11" June 2014.

Both Visnove tunnel tubes were broken through in August 2018,
after 40 months of tunnel excavation. The secondary concrete
lining has been finished along more than 60% of the tunnel length.
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Obr. 3 Tunel Presov — vychodny portdl
Fig. 3 Presov tunnel — eastern portal

Lucka — Visniové — Dubna Skala, ktory je vedeny juZne od kraj-
ského mesta Zilina. Zhotovitelom dialni¢ného tseku je zdruZenie
firiem Salini Impregilo S.p.A a Duha, a.s. na zédklade zmluvy pod-
pisanej s Narodnou dialni¢nou spolo¢nostou 11. jina 2014.

Obe riry tunela Visiové boli prerazené v auguste 2018, po
40 mesiacoch razenia. BetonaZ sekundéarneho ostenia je hotova na
viac ako 60 % dizky tunela.

Komplikovana finan¢na situacia, v ktorej sa ocitol zhotovitel po
takmer piatich rokoch vystavby dialni¢ného dseku, a ktord negativ-
ne ovplyviovala postup stavebnych prac, rezultovala v marci 2019
dohodou o ukonceni prac. Tato dohoda medzi objednavatelom, Na-
rodnou dialni¢nou spolo¢nostou a zhotovitelom, zdruZenim Salini
Impregilo — Duha, bola schvalend aj Vladou SR diia 6. marca 2019.
Tymto su prace na dialni¢no useku ako aj v samotnom tuneli Vis-
Hové pozastavené, a prebieha ich inventarizécia. PokraCovanie prac
sa preto da oCakavat az po prevzati stavby objednavatelom a tspes-
nom zvladnuti procesu verejného obstaravania, ktorého vysledkom
bude zmluva s novym zhotovitelom. Odhadovany termin mozného
ukoncenia prac je najskor v roku 2023.

Tunel Presov

Tunel Presov je dialni¢ny tunel vo vystavbe na Slovensku a na-
chadza sa na useku dialnice D1 PreSov zapad — Presov juh. Trasa
tunelovej Casti juhozapadného obchvatu PreSova bude tvorené dvo-
ma nezavislymi tunelovymi rirami, STR bude dizky 2 230,50 m

The complicated financial situation in which the contractor found
itself after nearly five years of constructing the motorway section
and which negatively influenced the progress of construction
operations, resulted in March 2019 in an agreement on conclusion
of the work. This agreement between the project owner, the
National Motorway Society, and the Salini Impregilo — Duha
consortium was also approved by the Government of the SR on
6™ March 2019. The work on the motorway section and work in
the Visnove tunnel itself has been suspended and an inventory of
the work is being conducted. The continuation of the work can be
expected after the works are taken over by the project owner and
the public procurement process is successfully brought off, ending
by conclusion of a contract with the new contractor. The possible
end of the works is estimated for 2023.

Presov tunnel
The tunnel Presov is a motorway tunnel under construction in
Slovakia. It is located on Presov West — Presov South section of
the D1 motorway. The route of the tunnelled part of the south
west by-pass will be formed by two independent tunnel tubes, the
2230.50m long NTT and the 2244.00m long STT. The two tunnel
tubes are driven from both portals, with the headings proceeding
against each other.
Driving the tunnel from the eastern portal (see Fig. 3) commenced
on 1 August 2018 in the NTT and on 23 August in the STT. The
horizontal excavation sequence comprises

—

Obr. 4 Tunel PreSov — zdpadny portdl
Fig. 4 Presov tunnel — western portal

top heading, bench and bottom. Rock is
disintegrated partially mechanically and
partially using the Drill&Blast method.
As of 22" March 2019, 1724m of the
excavation, including two emergency
lay-bys (930m in NTT; 794m in STT),
was finished from the eastern side of the
Presov tunnel. The excavation proceeding
from the eastern portal encountered
mostly sandstone with thin layers of
claystone. The rock mass quality allows
for the excavation rounds 1.7m long.
The excavation from the eastern portal
proceeds on an uphill gradient of 2.8%.
During the excavation from the eastern
portal, even two cross passages were
broken through.
The excavation from the western
portal (see Fig. 4) also started on



a JTR bude dizky 2 244,00 m. Razenie oboch riir prebieha proti
sebe z oboch portalov.

Razenie z vychodného portalu (obr. 3) sa zacalo dia 1. 8. 2018
v STR a diia 23. 8. 2018 sa zacalo s razenim v JTR. Celba je ¢lene-
na horizontélne na kalotu, stupen a dno. Rozp4janie prebieha sCasti
mechanicky, sCasti s pouzitim trhacich prac.

K 22.3.2019 bolo z vychodnej strany tunela PreSov vyrazenych
celkovo 1 724 m vratane dvoch nidzovych zalivov (STR — 930 m,
JTR - 794 m). Razenim z vychodného portalu su zastihnuté pre-
vazne pieskovce s tenkymi vrstvami ilovcov. Kvalita horninové-
ho masivu umoziuje razenie s dizkou kroku max. 1,7 m. Razenie
z vychodného portalu prebieha dovrchne v stipani 2,8 %. Popri ra-
zeni z vychodného portalu boli prerazené i dve prieCne prepojenia.

Raziace prace zo zédpadného portélu (obr. 4) sa taktiez zacali diia
1.8.2018 v JTR a od diia 15. 8. 2018 zacalo aj razeniev STR. Cel-
ba je Clenena horizontalne na kalotu, stupeni a dno, rozpdjanie pre-
bieha sCasti mechanicky a sCasti s pouzitim trhacich prac. Razenie
zo zapadného portélu prebieha tpadne v sklone 0,8 %.

K 22. 3. 2019 bolo zo zapadnej strany tunela PreSov vyrazenych
celkovo 1 504 m vratane profilu nidzového zélivu v JTR (STR
— 723 m, JTR — 781 m). Zastipenie vrstiev pieskovcov a ilovcov
sa postupne zmenilo na prevazujice pieskovcové vrstvy. Kvalita
horninového masivu umoziiuje razenie s di7kou kroku max. 1,7 m.
Popri razeni z vychodného portélu bolo prerazené jedno priecne
prepojenie.

Pre plynuly postup razenia je po cely Cas vystavby dolezita logis-
tika odvozu ribaniny. Vhodna Cast ribaniny je pouZita pre vystav-
bu ndsypov a deponovana pre budice z4sypy. Cast ribaniny je pou-
Zivana na rekultivaciu lesnych ciest v prilahlych mestskych lesoch.

Ak nenastant zdsadné zmeny v geologickej stavbe zostavajice-
ho dseku horninového masivu, mali by byt obe tunelové rury pre-
razené v kalote v letnych mesiacoch tohto roka. Nasledovat bude
vystavba definitivneho ostenia, technologickych centrdl u oboch
tunelovych portdlov a priprava na montaz technologickych Casti
stavby.

Celu stavbu juhozapadného obchvatu PreSova realizuje Zdruze-
nie D1 Presov (EUROVIA SK, a.s., EUROVIA CS, a.s., Doprastav,
a.s., Metrostav a.s., Metrostav Slovakia a.s.), tunel Presov realizuje
Metrostav a.s.

Ing. MIROSLAV ZACIK, Doprastav, a.s.
Ing. JIRI KOTOUC, Metrostav, a.s.
Ing. MILOSLAV FRANKOVSKY, Terraprojekt, a.s.
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4 .
Obr. 5 Vychodny portdl tunela Diel
Fig. 5 Diel tunnel — eastern portal

I** August 2018 in the STT and on 15" August in the NTT. The
horizontal excavation sequence comprises top heading, bench and
bottom. Rock mass is being disintegrated partially mechanically
and partially using the Drill&Blast method. The excavation from
the western portal proceeds on a downhill gradient of 0.8%.

As of 22" March 2019, 1504m of the tunnel excavation, including
the emergency lay-by profile in the STT (NTT — 723m; STT —
781m), have been finished from the western side of the Presov
tunnel. The proportion between sandstone layers and claystone
layers gradually changed to prevailing sandstone layers. The rock
mass quality allows for the excavation rounds maximally 1.7m
long. One cross passage was broken through during the excavation
from the eastern portal.

TUNELY NA ZELEZNICNE)J
SIETI

Tunel Diel

Tunel Diel prechddza masivom vr-
chu Diel ktory tvori centrdlnu cast
meandru Vidhu v oblasti Nosickej
priehrady. Tunel je navrhnuty dizky
1082 metrov. Razenie tunela prebie-
halo v masive popod kupele Nimnica.
Zapadny portal je situovany na okraji
obce Nimnica, vychodny portél sa re-
alizuje v izemi lesa nad cestou druhej
triedy 11/507, ktora vedie z Pichova do
Povézskej Bystrice po pravom brehu
priehrady. Tunel Diel ma prerazenu
unikovu Stoliu, ktord usti do priestoru

vychodného portélu tunela.

Obr. 6 Debniaci voz na tuneli Diel
Fig. 6 Travelling formwork at Diel tunnel
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V Case pisania tejto aktuality este stile chyba prerazit zostavaj-
ucich 30 metrov tunela pri vychodnom portéli (obr. 5), z dovodu
hibenia vychodného portilu. Z tohto dovodu sa neda hovorit, Ze
bol tunel prerazeny. V Case konania konferencie v Prahe by vSak uz
mal byt tunel kompletne prerazeny.

Vo vniitri tunela sa po jeho profildcii rozbehli prace na spod-
nych klenbéch a zdkladovych pasoch. Priblizne 1/3 dizky tunela
bude mat v dne zakladové pasy a betdonovi dosku vystuzenu ocelo-
vym vlaknom, 2/3 budi so spodnou klenbou. Izolacné prace zacali
zhotovenim izolacie vo vyklenkoch. Na zdpadnom portali finiSuje
montaz debniacieho vozma (obr. 6) na realizaciu sekundarneho os-
tenia. Pre drenazne odvodnenie tunela sa instaluju Sachty do Cis-
tiacich vyklenkov.

Unikova §tdliia bola kompletne prerazena. Je tak umoZnené ve-
trat cely hlavny tunel, Co pomédha pri betonarskych pracach. Zaro-
ven §tdlna sliZi na prisun materialu a logistiku prac.

Na vychodnom portali dalej prebieha postupné odtazovanie ma-
sivu a realizdcia stien portdlovej jamy. Steny su tvorené z mikro-
pilét, na vrchu st zmonolitnené do murika s pohladového beténu,
postupnym odfazovanim masivu su speviiované roznasacimi Zele-
zobeténovymi prahmi, ktoré si kotvené lanovymi kotvami. Mo-
mentélne prebiehaji prace na urovni vyskovo totoznej s budicim
stropom tunela. V kratkom Case tak bude mozné zapocat vitanie
mikropilétového daZdnika tunela, pod ktorym sa vyrazi prvych
20 metrov zvonku.

Tunel Milochov

Na preklenutie tpédtia vrchu Stavnd, juZne od miestnej Casti Hor-
ny Milochov mesta Povazska Bystrica, je navrhnuty novy tunel Mi-
lochov. Projektovand diZka tunela je 1861 metrov. Tunel bude mat
jednu tnikovu $t6liu, ktord bude vytstovat v obci Horny Milochov.

Obr. 7 Zdpadny portdl tunela Milochov
Fig. 7 Milochov tunnel — western portal

Logistics of the transport of muck from the tunnel is important for
the fluent advance of the excavation during the whole construction
time. Part of the excavated rock mass is used for reclamation of
forest roads in adjacent urban forests.

If no significant changes are encountered in the geological
structure of the remaining section of the rock mass, both tunnel
tubes should be broken through in the top heading this year, in
summer months. The construction of the final lining, technical
centres at both tunnel portals and preparation for installation of
tunnel equipment will follow.

The entire construction of the south west by-pass of Presov is
being realised by the Consortium D1 Presov (EUROVIA SK, a.s.,
EUROVIA CS, a.s., Doprastav, a.s., Metrostav a.s., Metrostav
Slovakia a.s.); the Presov tunnel is being realised by Metrostav a.s.

Ing. MIROSLAV ZACIK, Doprastay, a.s.
Ing. JIRT KOTOUC, Metrostav, a.s.
Ing. MILOSLAV FRANKOVSKY, Terraprojekt, a.s.

TUNNELS ON RAILWAY NETWORK

Diel Tunnel

The Diel tunnel runs through the massif of Diel Hill, which forms
the central part of the Vah River meander in the area of the Nosice
dam. The tunnel design length is equal to 1082m. The western portal
is located at the edge of the municipality of Nimnica; the eastern
portal is being built in a forested area, above the secondary road
1I/507 leading from Puchov to Povazska Bystrica along the right
bank of the reservoir. The Diel tunnel has got an escape gallery,
which has its mouth in the area of the eastern portal of the tunnel.

At the time of writing this information the excavation of the
remaining 30m long section of the tunnel at the eastern portal (see
Fig. 5) has not been completed yet because of the excavation of
the construction pit for the eastern portal. For that reason it is not
possible to state that the tunnel has been broken through. But the
tunnel should be completely broken through at the time of the Prague
conference.

Inside the tunnel, after the completion of excavation profiling
operations, the work started on inverts and footings. Approximately
1/3 of the tunnel length will have footings at the bottom and a steel
fibre reinforced concrete slab, whilst 2/3 will have an invert. The
waterproofing operations started by installation of the waterproofing
membrane in niches. At the western portal, the assembly of the
travelling formwork (see Fig. 6) for realisation of the secondary
lining is finishing. Tunnel drainage manholes are being installed in
cleaning niches.

The escape gallery has been completely broken through. It is
therefore possible to ventilate the whole main tunnel. It is helpful
during concrete casting operations. At the same time, the gallery is
used for supplying materials and for the work logistics.

At the eastern portal, the step-by-step excavation of the rock
mass and realisation of portal walls continues. The walls are made
up of micropiles, at the top they are made monolithic by a small
architectural finish concrete wall; the walls are stabilised during the
gradual excavation of the rock mass by reinforced concrete spreading
walers, which are anchored by cable anchors. At the moment, work
operations proceed at the level identical with the level of the future
tunnel roof deck. For that reason in will be shortly possible to start to
drill holes for the canopy tube pre-support. The initial 20 metres of
excavation from the outside will be protected by the canopy.

Milochov tunnel
The new tunnel, Milochov, is designed for passing under the
bottom of Stavnd hill, south of the Horny Milochov district of
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Obr. 8 Portdl tinikovej Stolne tunela Milochov
Fig. 8 Milochov tunnel — escape gallery portal

Raziace prace zo zédpadného portdlu (obr. 7) st ukoncené. Vyra-
zenych je 115 metrov v kalote a na cely profil tunela 105 metrov.

Razenie z vychodného portalu pokracuje pracami v stupni a dne.
Po pribliZeni sa ku celbe tunela cca na 30 metrov bude pokraco-
vat razenie v kalote, kde sa prejde z vystrojovacej triedy Vc na
Vb. Zmena v triedach je dana vypustenim doc¢asného dna kaloty,
zredukovanim celbovych sklolamindtovych svornikov a rychlej-
Sim uzatvaranim celého profilu tunela. Z hladiska geoldgie sa
do Celby dostdvaju v smere razenie z lavej strany skalné horni-
ny, ktoré postupne vytlacaji ilovité zeminy. Predpokladame, Ze
asi po 80 m by mohla byt kompletna celba v skalnom prostredi,
a tak bude moZno prejst do jednoduchSich vystrojovacich tried.
K 11. 3. 2019 je vyrazenych 256 metrov v kalote a 214 na cely
profil.

V obci Horny Milochov boli ukoncené prace na otvarani portalu
unikovej $tdlne (obr. 8). Bol zrealizovany mikropil6tovy dazdnik
pre zaciatok razenia. Z portalu sa bude razit len prvych 10 m. Hlav-
né Cast §tolne bude razena z tunela dovrchne.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spolo¢nosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Diel
realizuje spolo¢nost TUBAU, a.s. a tunel Milochov spolo¢nost
Subterra a.s. Generdlnym projektantom pre investora Zeleznice
Slovenskej republiky je spolocnost REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.

the town of Banskd Bystrica. The
tunnel design length amounts to 1861
metres. The tunnel will have one
escape gallery, which will end in the
municipality of Horny Milochov. .

The excavation of the tunnel from
the western portal (see Fig. 7) has
been finished. The length of 115m
of top heading and 105m of the full
tunnel profile excavation has been
completed.

The excavation from the eastern
portal continues by working in
the bench and the bottom. After
approaching to the tunnel excavation
face to the distance of 30 metres, the
excavation will continue in the top
heading, where the excavation support
class Vc will pass to Vb. The change
in the classes follows from the omission of the temporary top
heading invert, reduction of the quantity of glassfibre reinforced
plastic bolts installed into the excavation face and the faster closing
of the whole tunnel profile by the lining. As far as geology is
concerned, rock is getting into the excavation profile from the left-
hand side (viewed in the direction of excavation) and are gradually
replacing clayey ground. We assume that about 80m ahead, the
whole excavation face will be passing through rock environment,
and it will be possible to apply simpler excavation support classes.
As of 11" March 2019, 256m of excavation has been finished in the
top heading, as well as 214m of the full face excavation.

In the municipality of Horny Milochov, the work on opening
the portal of the escape gallery has been finished (see Fig. 8).
Canopy tube pre-support has been installed for the beginning of
the excavation. Only the initial 10m of the tunnel will be driven
from the portal. The main part of the gallery will be driven uphill
from the tunnel.

The whole construction is being realised by the Nimnica
Consortium consisting of the companies of Doprastav — TSS Grade
— SUBTERRA — EZ Praha. The Diel tunnel is being realised by the
company of TUBAU, a.s., and the Milochov tunnel is being carried
out by the company of Subterra a.s. The general designer for the
project owner, Railways of the Slovak Republic, is the company of
REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a. s.

2 HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY V RAKOUSKU 11l

PICTURE POSTCARDS WITH TUNNELS IN AUSTRIA 1l

This part of the series with tunnels on picture postcards returns
again to Austria. It first of all presents four picture postcards with
railway tunnels from the tunnelling Promised Land. One of them
is located on the Rittner Bahn (Ferrovia del Renon), but it is today
no more located in Austria, despite the fact that it was constructed
in Austria-Hungary. The reason is that the area of South Tyrol has
belonged to Italia as Alto Adige since 1919. Other three tunnels on
the picture cards can be considered to be road tunnels, when one
of them (the Franz Josef tunnel at Traunse), strictly speaking, no

longer exists. The last picture postcard is reminiscent of the very
interesting underground spaces of the Catacombs in Salzburg.

Tento dil seridlu s tunely na pohlednicich se jiZ po nékolikaté
vraci do Rakouska. Ze zemé tuneliim zaslibené uvadi predevs§im
Ctyfi pohlednice s tunely Zelezni¢nimi. Jeden z nich, nachazejici
se na Rittner Bahn (Ferrovia del Renon), v§ak dnes v Rakousku jiz
nelezi, a to prestoze byl v Rakousko-Uhersku postaveny. To proto,
Ze od roku 1919 oblast JiZzniho Tyrolska nalezi k Itdlii jako Alto



Obr. 1 Svaty Anton na Arlbergu.Wiirthle & Sohn, Salzburg. 1254. 1900. [sbir-
ka autorii]

Stary vychodni portdl z r. 1884. Jeho horni cdst s dedikaci cisari Frantisku Jose-
fu L. byla pri prodlouZeni tunelu v obci St. Anton premisténa a tim jako pamdtka
zachovdna.

Fig. 1 Saint Anton on Arlberg. Wiirthle & Sohn, Salzburg. 1254. 1900.
[authors’ collection]

Old eastern portal from 1884. The upper part of the portal with dedication
to Emperor Franz Josef I was transferred when the tunnel length was being
extended in the village of St. Anton, thus it was preserved as a monument.

Adige. Dalsi tfi tunely na pohlednicich lze povazovat za silni¢ni,
kdyzZ jeden z nich (tunel FrantiSka Josefa u Traunsee) piisné vzato
jiZz neexistuje. Posledni pohlednice potom pfipomina velmi zajima-
vé podzemni prostory ,,Katakomb* v Salzburgu.

ZELEZNICNI TUNEL F. J. I. NA ARLBERGU

Jedna pohlednice se starym vychodnim portalem Arlberského
Zelezni¢niho tunelu a jednoduchym domkem nadrazicka Sankt

Obr. 2 Drdha na Schneeberg s pohledem na Krummbachstein. Nr. 170. Ver-
lag Oesterreichischer Touristenklub. Amateur-Aufnahme Otto Jahn. 1920.
[sbirka autorit]

Krummbachstein (vlevo) je turisty vyhleddvand hora s vyhledy prdvé na Schnee-
berg. Na pohlednici je piivodni jiZni zdény portdl Tunelu 1 od nddraZi Baum-
gartner. Jeho vzhled je dnes zcela zménény, a to predevsim instalact dvoukridlych
vrat umoZiujicich uzavreni tunelu.

Fig. 2 Railway to Schneeberg with a view of Krummbachstein. No. 170. Ver-
lag Oesterreichischer Touristenklub. Amateur-Aufnahme Otto Jahn. 1920.
[authors’ collection]

Krummbachstein (for the left) is a mountain coveted by tourists, with views
of Schneeberg. There is the original masonry portal of Tunnel 1 viewed from

Baumgartner station. Its appearance is today completely different, first of

all because of the installation of a double-wing gate allowing for closing the
tunnel.

Anton am Arlberg z 30. let 20. stol. jiz byla uvefejnéna v Casopisu
Tunel 2/2016. Jejim doprovodem bylo shrnuti technickych para-
metrtl tunelu i historickych souvislosti — viz. V nyné&jSim pokra-
Covani je predstavena pohlednice s toutéz scenérii, ale o dlouhych
30 let star$i — obr. 1.

Po 117 letech provozu tunelu byla v roce 2001 zfizena nova
Zeleznicni stanice St. Anton a v souvislosti s tim prodlouzil novy
vychodni portdl Zelezni¢ni tunel Arlberg o 398 m na dneSnich
10 648 m. Horni ¢ast vychodniho historického portalu z r. 1884
s dedikaci cisari Frantisku Josefu I. byla pritom snesena a na pa-
matku instalovdna cca 100 m zapadné od nového nadrazi. [1]

ZELEZNICNI TUNELY
NA SCHNEEBERGSKE DRAZE

Zelezni¢ni drdha rozchodu 1000 mm na Schneeberg v Dolnim
Rakousku byla otevrena 25. 9. 1897. Vyznacuje se dvéma ra-
kouskymi primaty. Jde o zdejsi nejdelsi ozubnicovou trat (9,7 km)

Obr. 3 Dolno-rakouskd — Styrskd Alpskd drdha. V Zinken. Photogr. Anstalt
N. Kuss, Mariazell 527. 1908. [sbirka autorii]

Na pohlednici je severni portdl tunelu Grofser Zinken od zastdvky Wienerbruck-
Josefsberg s navazujicim mostem. Patrné je vyrazné zakoureni zdklenku a rimsy
tunelového portdlu od provozu parni trakce.

Fig. 3 Lower Austrian — Styrian Alpine railway. V Zinken. Photogr. Anstalt
N. Kuss, Mariazell 527. 1908. [authors’ colection]

The picture postcard presents the northern portal of the Grofler Zinken tunnel
viewed from the Wienerbruck-Josefsberg intermediate station, with the following
bridge. Distinct traces of smoke caused by the operation of steam traction are
visible on the discharging arch and cornice of the tunnel portal.




Obr. 4 Rittnerskd drdha u Bolzana s horou Schlern v pozadi (2565 m) Jizni
Tyrolsko. Joh. F. Amonn, Bozen. Pfed 1914. [sbirka autorii]

Lokomotiva brzdi tramvajovy viiz pred vjezdem do severniho portdlu tunelu.
Vpravo je vidét v pozadi hora Schlern (italsky Sciliar, v ladino Sciliér), jejiz
vySka se dnes uddvd 2563 m n. m. Pro své charakteristicky ploché temeno je
povaZovand za symbol JiZzniho Tyrolska (Alto Adige). Jeji oblast je od r. 1974
ndrodnim parkem. Zajimavosti je pretisk (Alto Adige, Italia) v pravém hornim
rohu pohlednice, pochdzejici z obdobi po r. 1919, kdy bylo toto rakouské izemi
odstoupeno Itdlii.

Fig. 4 Rittner railway near Bozen with Schlern Mountain in the back-
ground (2565m) South Tyrol. Joh. F. Amonn, Bozen. Before 1914. [authors’
collection]

A locomotive breaking a tram car before the entrance to the northern portal of
the tunnel. For the right, there is Schlern mountain (Sciliar in Italian, Sciliér in
Ladin), the altitude of which is today stated at 2563m a. s. l. It is considered to
be a symbol of South Tyrol (Alto Adige) for its characteristically flat top. The
territory has been a national park since 1974. The reprint (Alto Adige) at the
right corner of the picture postcard which originated in the period after 1919,
when this Austrian territory was transferred to Italy, is interesting.

Yxs N

a ma nejvyssi Zelezni¢ni stanici (Hochschneeberg 1795 m n. m.).
Ze stanice Puchberg am Schneeberg prekonava Zeleznice pii max.
sklonu 197 %o prevyseni 1218 m. Trasa béhem toho prochazi jed-
nim z nejvyznamnéjSich pramenist vody v Rakousku (mimo jiné
i pro Viden).

Po podstatné modernizaci trati jsou od r. 1999 nasazovany mo-
derni hybridni soupravy, nicméné v letnich mésicich o nedélich
a statnich svétcich se cestujici setkdvaji i s tradi¢nimi parnimi vlaky.

V horni Casti drahy se nachazeji dva tunely oznacené jako
Tunel 1 (délky 177 m — obr. 2) a Tunel 2 (dlouhy 202 m). Oba jsou
,»spirdlové®, se znacnym kominovym efektem a od samého pocatku
slouzi predevsim jako ochrana pred snéhem.[2]
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ZELEZNICNIi TUNEL GROSSER ZINKEN
NA MARIAZELLERBAHN

O Zeleznici spojujici dolnorakousky St. Polten s poutnim mistem
Mariazell ve Styrsku se psalo v tomto seridlu jiz v Tunelu &fslo
1/2016. Pro stru¢nou rekapitulaci: Mariazellerbahn je elektrifiko-
vana jednokolejna uzkorozchodnd draha (760 mm) budovand mezi
lety 1898 a 1907. Na horské trati dl. cca 84 km je celkem 21 tunelil
sumarni délky 4573,6 m, pfi¢emz 14 z nich je kratsich nez 100 m.
Predposlednim z téchto tuneli pfed Mariazell je Grofler Zinken
délky 68,53 m — obr. 3. [3, 4]

TUNEL NA RITTNER BAHN

Rittner Bahn (italsky Ferrovia del Renon) se nachédzi v Jiznim
Tyrolsku (Alto Adige), po 1. svétové vialce pripojeném k Italii.
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Obr. 5 Tunel Frantiska Josefa se Sonnensteinem. Uméleckd cesta v Traunn-
kirch. Alleinverkauf: Josef v. Haselmayr, Kaufmann, Traunstein, 0-0. 1901.
[sbirka autori]

Historicky severni portdl tunelu s dedikact Frantisku Josefovi byl pri rekonstruk-
ci sneseny a na pamdtku osazeny u nové cyklostezky. Nad portdlem tunelu se
tyci vrchol Sonnenstein (dnes Grofier Sonnstein, 1037 m n. m.). Pohlednice byla
23. 7. 1901 odesldna do Olomouce na Moravé.

Fig. 5 Franz Josef tunnel with Sonnenstein. Artistic path in Traunnkirch.
Alleinverkauf: Josef v. Haselmayr, Kaufmann, Traunstein, 0-0. 1901.
[authors’ collection]

The historic tunnel portal with dedication to Franz Josef was taken down
during reconstruction and was installed as a landmark at a new cycle way.
Sonnenstein mountain (today Grofler Sonnstein, 1037m a. s. l.). rises above
the tunnel portal. The picture postcard was posted to Olomouc in Moravia on
23" July 1901.
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Obr. 6 Hubertovo jezero s prehradou. Walstern u Mariazell. 19114 — p. Leder-
mann, Wien, 1. Fleischmarkt 20. 1926. [sbirka autori]

Tunel prekondvajici skalni ostroh spadajici do jezera je stdle nevyzdény.
Stérkovou vozovku dnes nahradila asfaltovd komunikace.

Fig. 6 Hubert Lake with a dam. Walstern (Mariazell). 19114 — p. Ledermann,
Wien, 1. Fleischmarkt 1926. [authors’ collection]

The tunnel passing under a rock promontory falling into a lake has not been
provided with masonry lining yet. The gravel roadway was currently replaced
by asphalt road.

Jde o lehkou elektrickou kolejovou drdhu charakteru tramvaje,
rozchodu 1000 mm, délky 11,75 km, ve své prvni poloviné (v délce
6,6 km a pii max. sklonu 255 %o) opatiené ozubnici. Spojuje Bozen
(Bolzano) s Oberbozen (Soprabolzano) na Rittenské nahorni
plosiné (Renon) a se zde se nachazejicimi obcemi. Na trati je jeden
kratky tunel (66 m) — obr. 4. Provoz byl zahijen 13. 8. 1908.

Od samého pocétku vyuzivala draha zajimavou kombinaci po-
honu — specidlni lokomotiva tlacila prostfednictvim ozubnice viz
tramvaje z Bozen (Bolzana) do kopce az na nahorni plosinu Ritten
(Renon), kde byla odpojena a tramvaj se dale pohybovala adhezi.
Pfi navratu byla lokomotiva opét pripojena a z kopce slouzila jako
brzdici — obr. 4. Soucasné jely proti sobé vzdy dva vlaky — trak¢ni
motory brzdné lokomotivy pusobily jako generitory pohénéjici
lokomotivu tla¢nou.

V 60. letech 20. stoleti zasadné vazla celkova tidrzba a chatrajici
trat spéla k uzavieni. Zachranu znamenaly rozsahlé rekonstrukce
a modernizace po r. 2000. Pocet prepravenych cestujicich se nyni
v plné sezoné uvadi ¢islem 3000 az 4000 denné, kdyZ v provozu
je pouze usek Zeleznice na Rittenské nahorni plosing (Renon). [5]

TUNEL FRANTISKA JOSEFA U TRAUNSEE

Tunel FrantiSka Josefa se nachdzel na brehu Traunského jezera
(Traunsee) v Hornim Rakousku. Byl proraZeny pfi stavbé silnice
spojujici Gmunden a Ebensee v letech 1856 az 1861. AZ do té
doby byla doprava na této trase moznd pouze plavbou po jezere,
nebo péSky pres hory. Silnice po zdpadnim biehu Traunsee, s vice-
ro tunely a galeriemi zbudovanymi prevazné italskymi razici, tak
ukoncila znacnou izolaci oblasti Solné komory (Salzkammergut)
od Horniho Rakouska.

Kréatky tunel FrantiSka Josefa prekondval skalni ostroh pod
vrchem Sonnenstein (dnes GroBer Sonnstein), spadajici pfimo do
jezera pfi méstecku Traunkirchen (obr. 5). Ve 20. stol. byla trasa
postupné modernizovédna. V souvislosti s tim byl rozsifeny i tunel,
jehoz soucasna délka ¢ini 87 m. Historicky portél z pohlednice na
obr. 5 byl pfeneseny cca 600 m na jihovychod, kde je umistény jako
pamatnik u cyklostezky.

Posledni vyraznd modernizace trasy probéhla v letech 2005—
2007, kdy byl proraZzen novy Gei3wandtunnel dlouhy 2119 m. Dnes

Tuel

se na silnici nachazi soustava 4 modernich tunelii, oznacovanych
jako Tunelovy fetéz Traunsee (Tunnelkette Traunsee) a puvodni
historickou trasou po nabreZi jezera je vedena cyklostezka. [6, 7]

TUNEL U HUBERTUSSEE

Hubertovo jezero (Hubertussee) je uméla vodni nadrz plochy
piiblizng 15 ha. Nachdzi se na ficce Walster ve Styrsku, cca
7,5 km severovychodné od poutniho mista Mariazell. Vzniklo
v roce 1906 jako darek Arthuru Kruppovi, a to od manZelky pfi
vyro€i stfibrné svatby. Vicefunkéni vodni dilo pojmenované po-
dle patrona lovcl se dnes nachézi v prirodni rezervaci a slouzi
i k vyrobé elektrické energie. Jezero obchazi mistni komunikace
pojmenovana Hubertusseestrasse. V jeji severni vétvi, nedale-
ko hraze, se nachézi kratky bezejmenny tunel dlouhy cca 10 m

—obr. 6. [8]
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Obr. 7 Klobenstein (Tyrolsko). 729 Foto Hugo Haug, Unterwissen. 1942.
[sbirka autorit]

V centru pohlednice fotografované od jihu je poutni kostel Nanebevstoupeni
Panny Marie. Nad nim prochdzi Klobesteinskd silnice s hranicnim tunelem.
Pohlednice odesland uprostred 2. svétové vdlky (15. 8. 1942) je opatrend turi-
stickym pamétnim razitkem Gasthaus Klobenstein.

Fig. 7 Klobenstein (Iyrol). 729 Photo Hugo Haug, Unterwoissen. 1942.
[authors’ collection]

The pilgrimage church of the Assumption of the Virgin Mary, photographed from
the south, is in the centre of the picture postcard. The Klobestein road with the
border tunnel runs above it. The picture postcard was posted during World War
Il (on 15" August 1942). It is provided with a tourist commemorative stamp
Gasthaus Klobenstein.




HRANICNI TUNEL KLOBENSTEIN

Na predélu spolkové zemé Tyrolska s Bavorskem (SRN) se nachazi
vyznamné lyzatrské stiedisko Kossen. Priblizné 2 km severné od
méstecka, pii statni hranici, se nachazi historicky zdjezdni hostinec
Klobenstein (Gasthaus Klobenstein) zalozeny 1674 a poutni kos-
tel Nanebevstoupeni Panny Marie. Ve stopé staré paseracké stezky
prochazi okolo obou objektli do Bavorska Klobesteinskd silnice
(Klobesteiner Strafle). Ta nad kostelem prekonava kratkym tunelem,
dlouhym cca 25 m, strmé spadajici skalni ostroh — obr. 7. Zajima-
vosti je to, Ze tunelem prochdzi stitni hranice. [9]

Obr. 8 ,,Katakomby*‘ na Petrském hibitové. Arciopatstvi sv. Petra v Salzburgu.
Okénkovd pohlednice. Verlag St. Peter, 5020 Salzburg. Fotos: Reinhard Weidl.
2018. [sbirka autorit]

Vievo: arkddové hrobky pri iipati kopce. Ve sténé nad nimi je patrné mladsi bocni
prizdéni Getraudovy kaple se zvonickou. Vpravo nahore: Maximova kaple. Dole
uprostred: pristupové schodisté. Vpravo dole: Getraudova kaple s romdnsko-go-
tickym sloupem vloZenym v 17. stol.

Fig. 8 ,,Catacombs‘‘ in the Peters cemetery. St. Peter archabbey in Salzburg.
Window-postcard. Verlag St. Peter, 5020 Salzburg. Photos: Reinhard Weidl.
2018. [authors’ collection]

For the left: arcade tombs at the bottom of a hill. Younger additional side masonry
of Gertraud chapel with a small bell tower. In the top right corner: the Maxi-
mus Chapel. In the bottom centre: access staircase. In the bottom right corner:
the Getraud Chapel with a roman-gothic pillar inserted in the 17™ century.
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.KATAKOMBY"“ V SALZBURGU

Do paty pahorku, na kterém se nachdzi salzburska Pevnost, jsou
nad okrajem hibitova sv. Petra (Petersfriedhof) vytesany ,,Kata-
komby*“. Jejich pocétek je odhadovany do prelomu pozdni antiky
a raného kiestanstvi s tim, Ze slouzily pravdépodobné k setkavani
kfestant, ne vSak k pohrbivani.

,.Katakomby* jsou pfistupné schodist€ém nachazejicim se vpra-
vo od arkddovych hrobek postavenych v 17. stol. pfi tpati kopce
(obr. 8). Schodisté vede ke dvéma kaplim v hore.

Nejvétsi zdejsi prostorou je kaple Maximova (sv. Maxim z lovia-
cumi), vysvécend roku 1172 arcibiskupem Konrddem III. a zdsadné
renovovana r. 1659 — obr. 8.

Druhou kapli je Getraudova, zasvécena sv. Getraudovi z Nivel-
les, ztizend v roce 1178 arcibiskupem-kardindlem Konrddem III.
Nachézeji se v ni fresky zobrazujici mucednictvi sv. Tomase
Becketta. Ve stfedu mistnosti je romansko-goticky sloup vloZeny
az v 17. stoleti a majici pouze dekorativni funkci. V dasledku
poruseni kryci vrstvy horniny byla sténa kaple opravena charak-
teristickym pfizdénim s vysunutou stfechou a zvonici. Do povrchu
z né&j bylo r. 1865 proraZeno Sest klenutych okének v neo-raném
kiestanském slohu (obr. 8).

Zajimavost: Jesté na pocatku 19. stol byla v krypté pohibena
Mozartova sestra Nannerl. [10]

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY

Podékovdni: Cldnek byl vytvoren v rdmci FeSeni projektu
¢ LOI408 ,,AdMaS UP — Pokrocilé stavebni materidly, konstruk-
ce a technologie “ podporovaného Ministerstvem skolstvi, mlddeZe
a télovychovy v rdmci iicelové podpory programu ,,Ndrodni pro-
gram udrZitelnosti 1“ a projektu & TE01020168 ,,Centrum pro
efektivni a udrZitelnou dopravni infrastrukturu (CESTI)*“ podpo-
rovaného z programu Centra kompetence Technologické agentury
Ceské republiky (TACR).
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80 LET PROF. ING. JIRIHO BARTAKA, DRSC.

ANNIVERSARIES

80™ ANNIVERSARY OF THE BIRTH OF PROF. CENG. JIRi BARTAK, DRSC.

V cervnu tohoto roku se doziva
osmdesati let jeden ze zakladatelii
moderni Skoly ceského podzemni-
ho stavitelstvi prof. Ing. Jifi Bartak,
DrSc., fadny profesor CVUT v Pra-
ze, kde stdle aktivné puasobi na ka-
tedfe geotechniky Stavebni fakulty.
Je to vyro¢i vyznamné predevSim
proto, Ze osobni vitalita a Zivot-
ni elan stidle umoZiiuje profesoru
Bartdkovi plné pracovni nasazeni
a pedagogické i odborné plsobeni, které bylo v r. 2018 ocenéno
udélenim pamétni medaile. Prof. Jifi Bartdk je vaZenym a velmi
vytézovanym expertem a clenem nékolika profesnich spolecnosti.
Ceska tunelafska asociace jej jiz dfive jmenovala estnym &lenem
a jeho prinos asociaci a ¢eskému podzemnimu stavitelstvi ocenila
udélenim pamétni medaile CzTA. Je ¢len redak¢ni rady ¢asopisu
InZenyrské stavby. Jeho jméno je také tzce spjato s Casopisem
TUNEL, kde je dlouholetym ¢lenem a od roku 2009 predsedou
redak¢ni rady.

Prof. Bartak se narodil 13. ¢ervna 1939 v Praze. Fakultu inZe-
nyrského stavitelstvi CVUT, obor konstruktivn&-dopravni, absol-
voval v roce 1961 s diplomovou praci ,,Projekt razby trasy ,,A*
metra pod Starym Méstem®. Po kratkém plisobeni na stavbé Kau-
¢uku Kralupy byl pfijat v roce 1962 jako asistent na katedru sil-
ni¢nich staveb Stavebni fakulty, v roce 1963 puisobil jako asistent
na katedre Zelezni¢nich staveb a po vzniku katedry geotechniky
se stal odbornym asistentem u prof. Ing. J. Straky, DrSc. Od této
doby zacali prof. Bartak se svym kolegou prof. Buckem svymi
pracemi ovliviiovat budouci vyvoj a rozvoj vyznamného oboru
geotechniky — podzemnich staveb. V 2. poloviné 60. let absol-
voval dlouhodobou staz v laboratorich mechaniky hornin Hor-
nického tstavu CSAV, poté piisobil u stavebnich podniki Kamen
Praha a Instav Praha pfi navrhovani a provadéni trhacich praci.
V roce 1972 obhdjil kandidatskou dizertacni préci ,,Statické rese-
ni kotveného paZeni hlubokych stavebnich jam*, v roce 1976 ha-
bilita¢ni praci ,,Metoda konecnych prvki v geotechnice”. V roce
1977 byl jmenovan docentem pro obor zakladani staveb a pod-
zemni stavby na katedie geotechniky Fakulty stavebni. Védeckou
hodnost doktora technickych véd ziskal v roce 1987 po obhaje-
ni dizertacni prace ,,Progresivni postupy navrhovéani hloubenych
podzemnich staveb® a v roce 1988 byl jmenovén profesorem pro
obor podzemni stavby na Stavebni fakult¢ CVUT v Praze. K jeho
pedagogickému piisobeni na Stavebni fakulté CVUT se vaze pre-
devsim predndskova Cinnost jak v fddném studiu, tak v posled-
nich letech v ramci Univerzity 3. véku; dulezita je jeho schopnost
propojeni pfednasek s praxi formou exkurzi do terénu. Vyznam-
né je i jeho autorstvi a spoluautorstvi velkého poctu vysokoskol-
skych skript s tematikou podzemnich staveb a geotechniky. Jeho
zasluhy na vychoveé generaci tspéSnych tunelarti a fady novych
védeckych a védecko-pedagogickych pracovnikl jsou vSeobecné
uznavané.

Prof., CEng. Jifi Bartdk, DrSc., full professor at the Czech
Technical University in Prague Prague (hereinafter referred to as the
CTU), one of the founders of modern Czech underground structural
engineering, where he is still active at the Department of Geotechnics
of the Faculty of Civil Engineering , will live to be eighty years old in
June 2019. This anniversary is important first of all because of the fact
that the personal vitality and stamina still allow professor Bartdk to
apply his work commitment and teaching and professional activities,
which were appreciated in 2018 by the award of the commemorative
medal. Prof. Jifi Bartak is a highly regarded and fully occupied expert
and is a member of several professional associations. The Czech
Tunnelling Association had previously appointed him an honourable
member and appreciated his contribution to the association and
the Czech underground structures engineering by awarding him
the CZTA commemorative medal. He is a member of the Editorial
Board of Czech Civil Engineering Journal. His name is in addition
connected with TUNEL journal, where he is a long-standing member
of the Editorial Board and, from 2009, its chairman.

Prof. Bartdk was born in Prague on 13 July 1939. He graduated
from the Faculty of Civil Engineering of the CTU in Prague
with a degree in civil engineering from the Department of Civil
Engineering and Transportation Structures in 1961, with a master
thesis “Design for excavation of metro line A under the Old Town”.
After short employment at the Kaucuk Kralupy construction site,
he was employed in the position of a fellow at the Department of
Road Structures of the Faculty of Civil Engineering in 1962. In 1963,
he was employed in the position of a fellow at the Department of
railway structures and, after the establishment of the Department of
Geotechnics, he became a technical assistant of professor CEng. J.
Straka, DrSc. Since then, Prof. Bartdk with his colleague, Prof. Bucek,
started to influence the future development of the important branch
of geotechnical engineering — underground structural engineering.
In the 2™ half of the 1960s, he completed a long-term internship
in the rock mechanics laboratories of the Mining Institute of the
Czechoslovak Academy of Sciences. Subsequently he was employed
in civil engineering companies Kdmen Praha and Ingstav Praha in
the field of designing and conducting blasting operations. In 1972,
he defended the candidate thesis “Static solution to anchored bracing
of deep construction pits”, and in 1976, the habilitation thesis “Finite
Element Method in Geotechnical Engineering”. In 1977 he was
appointed associate professor for the field of foundation engineering
and underground structures at the Department of Geotechnics of
the Faculty of Civil Engineering. In 1987, after passing the oral
concerning candidate thesis “Progressive procedures of designing
cut-and-cover underground structures”, he was awarded the scientific
degree of doctor of technical sciences. In 1988, he was appointed
professor for the field of underground construction at the Faculty of
Civil Engineering of the CTU in Prague. His teaching activity at the
Faculty of Civil Engineering of the CTU is associated first of all with
lecturing not only in regular studies, but also within the framework
of the University of the Third Age. His capability to interconnect
lectures with practice in the form of excursions to terrain is important.
His authorship and co-authorship of many university textbooks on
the themes focused on underground construction and geotechnical
engineering is also important. His credit for education of generations
of successful tunnel construction engineers and many new scientific
and scientific-teaching workers is generally acknowledged.

Prof. Bartdk is known for his extraordinary interest in solving
difficult tasks occurring in the construction practice. With respect
to his rich experience, he is a sought-after expert on the field of



Prof. Bartdk je zndm svym mimotrddnym zaujetim pro feseni
obtiznych tkolt vyskytujicich se ve stavebni praxi. Vzhledem ke
svym bohatym zkuSenostem je vyhleddvanym expertem pro ob-
last podzemnich staveb i zaklddani staveb. Zpracoval pies 125
znaleckych posudkt a pres 250 odbornych expertiz pro inves-
torské, projekéni a dodavatelské organizace v CR, v poslednich
letech pusobil a pasobi jako expert na velkych podzemnich stav-
bach. V poslednich deseti letech to byly Zeleznicni tunely Votice
— Benesov (2009-2011, ¢len Technické rady Subterry a.s.), razZba
prodlouZeni trasy ,,A“ prazského metra (2010-2013, ¢len Rady
monitoringu), vystavba stanice Veleslavin metra A (2010-2013,
¢len Technické rady Subterry a.s.), tunel Sudoméfice (2013-
2014, ¢len Rady vystavby OHL ZS, a.s.), tunely Polana a Zilina
(2014-2017, predseda Technické rady podzemnich staveb Me-
trostavu a.s.), tunel Ejpovice na III. Zelezni¢nim koridoru CD
(2014-2018, ¢len Rady monitoringu — SZDC, s.0.), odstranéni
havarijniho stavu Kremnické ul. v Kutné Hore (2015-2018, ¢len
Rady monitoringu — PRAGOPROJEKTU, a.s.), zakladani Office
and Business Centre Praha (2018-trv4, predseda Rady monitorin-
gu — KKGC Real Estate), tunel Debore¢ (2019—trva, ¢len Rady
vystavby OHL ZS, a.s.).

K jeho odbornym a védeckym aktivitim se vaze pies 250 publi-
kovanych Casopiseckych ¢lanku a prispévki ve sbornicich védec-
kych konferenci. Jako spoluautor a vedouci redakéniho kolektivu
se podilel na pripravé odbornych kniZnich publikaci ,,Tunel Mra-
zovka“ (SATRA 2004) a ,,Podzemni stavitelstvi v Ceské repub-
lice* (SATRA 2007). Je spoluautorem knihy ,,Tunely na pozem-
nich komunikacich (CVUT Praha 2011).

Prof. Bartdk je autorizovanym inZenyrem pro obor geotechni-
ka, ptedsedou zkusebni komise CKAIT pro tento obor a soud-
nim znalcem pro obor zaklddani staveb a podzemni stavby. Je
¢lenem Geotechnické spoleénosti CSSI, ¢lenem komise Ceského
bariského ufadu pro jmenovani baiskych znalci a ¢lenem Tech-
nické rady Reditelstvi silnic a ddlnic CR. Vyznamné se zaslouZil
o uspéch svétového tunelarského kongresu v Praze v roce 2007
a byl téz ¢lenem pripravnych a védeckych vybort ceskych i mezi-
narodnich konferenci. Rozsdhla pedagogickd, védeckd, odborna
a organizacni ¢innost prof. Bartdka svéd¢i o jeho trvalém pracov-
nim nasazeni ve prospéch geotechniky.

Jménem Siroké obce stavebnich inZenyrti a tuneldfG prejeme
prof. Bartdkovi do dalSich let predevsim tolik potfebné zdravi,
neutuchajici vitalitu a je$t€ mnoho uspéchtl v jeho pedagogické
a odborné ¢innosti.

doc. Dr. Ing. JAN PRUSKA, ¢len redakéni rady

ING. VLASTIMIL HORAK SEDESATNIKEM
ING. VLASTIMIL HORAK SEXAGENARIAN

Ing. Vlastimil Hordk se narodil
v 1. 1959 v Bucovicich. Zde také
navstévoval mistni gymnazium. Po
maturité¢ se zapsal na Fakultu sta-
vebni VUT v Brné a inZenyrské
studium oboru konstruktivné-do-
pravniho se specializaci geotechni-
ka uspésné absolvoval v roce 1983.
Vysokoskolské vzdélani si dale

roz§ifil postgradudlnim studiem na
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underground construction and foundation engineering. He processed
over 125 expert assessments and over 250 professional expertises
for investment, designing and contractor organisations in the
Czech Republic. In recent years he has acted as an expert at large
underground construction projects. In the last ten years he worked
on the Votice — BeneSov railway tunnels (2009-2011, a member
of the Technical Board of Subterra), excavation of tunnels on the
extension of the Prague metro line A (2010-2013, a member of the
Monitoring Board), construction of Veleslavin station on metro line
A (2010-2013, a member of the Technical Board of Subterra a.s.),
the Sudomerice tunnel (2013-2014, a member of the Construction
Board of OHL ZS, a.s.), the Polana and Zilia tunnels (20142017,
Chairman of the Technical Board for underground structures of
Metrostav a.s.), the Ejpovice tunnel on the railway corridor III of
Czech Railways (2014-2018, a member of the Monitoring Board
— Railway Infrastructure Administration, state organisation),
rectification of Kremnicka Street disrepair in Kutnd Hora (2015-
2018, a member of the Monitoring Board — PRAGOPROJEKT, a.s.),
foundation of the Office and Business Centre Praha (2018—continues,
Chairman of the Monitoring Board — KKGC Real Estate), the
Debore¢ tunnel (2019—continues, a member of Construction Board
of OHL Z8S, a.s.).

Over 250 papers and contributions published in journals and
proceedings of scientific conferences are associated with his
professional and scientific activities. As a co-author and head of
the editorial team, he participated in the preparation of publications
of technical books ,, Mrazovka tunnel“ (SATRA 2004) and
,,Underground construction in the Czech Republic” (SATRA 2007).
He is the co-author of the book “Road tunnels” (CVUT Praha 2011).

Prof. Barték is an authorised engineer for the field of geotechnical
engineering, the chairman of the Examination Committee of
the Czech Chamber of Authorised Engineers and Techniques in
Construction for this branch and a judge advocate for the branch
of foundation of structures and underground construction. He
is a member of the Society for geotechnical engineering of the
Czech Institution of Structural and Civil Engineers, a member of
the committee of the Czech Mining Administration for appointing
mining experts, and a member of the Technical Board of the Road
and Motorway Directorate of the CR. He has a significant credit for
the success of the World Tunnel Congress in Prague in 2007 and was
even a member of the steering committee and scientific committee
of Czech and international conferences. The extensive teaching,
scientific, professional and organisational activities of Prof. Bartak
testify to his permanent work commitment on behalf of geotechnical
engineering.

We are wishing Prof. Bartdk, on behalf of the wide community
of civil and tunnel construction engineers, first of all the so much
necessary health, unflagging vitality and lots of success in his
teaching and technical activities in the years to come.

doc. Dr. CEng. JAN PRUSKA, member of Editorial Board

Ing. Vlastimil Hordk was born in 1959 in Bucovice, where he
attended the local grammar school. After passing the maturita
exams he enrolled at the Faculty of Civil Engineering of the Brno
University of Technology and graduated with a degree in civil
engineering from the Department of Civil Engineering and Traffic
Structures in 1983. He further expanded his university education
by graduate studies at the former Department of Geotechnics under
the guidance of Prof. Vojtéch Mencl, ending in 1991. He has arange
of special authorisations for engineering activities, for example
underground construction. He is, apart from other capacities, an
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tehdejsi katedfe geotechniky, pod vedenim prof. Vojtécha Menc-
la, s ukoncenim r. 1991. Disponuje fadou specidlnich opravnéni
pro inZenyrskou ¢innost, potazmo podzemni stavby. Je, vedle ji-
ného, autorizovanym inZenyrem CKAIT pro obor geotechnika,
drzitelem osvédceni ,,Bansky projektant” a ,,Technicky dozor
pro CPHZ* a také odbornym znalcem CBU pro CPHZ. V sou-
Casnosti je rovnéz predsedou tunelové sekce pri Ceské silni¢ni
spolecnosti.

V letech 1983 aZ 1993 byl zaméstnan jako projektant u fy Ze-
lezni¢ni stavitelstvi Brno. Hlavnim pfedmétem jeho projektové
¢innosti bylo specidlni zaklddani staveb, sanace sesuvil a rov-
néz sanace Zeleznicnich tuneld, v dané dobé jeden z mala aktiv-
nich a prosperujicich oborl tunelafstvi. V obdobi 1991 az 1993
byl vedoucim specializovaného stfediska ZS Brno pro sanace
betonu.

V roce 1993 prechdzi do nové zalozené firmy AMBERG En-
gineering Brno a.s., dcery véhlasného Svycarského inZenyrské-
ho podniku putsobiciho prfedev§sim v podzemnim stavitelstvi.
Zde pracuje nejdiive jako vedouci projektant a od roku 2001 je
jmenovén feditelem spolecnosti a soucasné ¢lenem predstaven-
stva.

Za jeho ucasti nebo pod jeho vedenim byly vypracovany uspes-
né projekty novostaveb a rekonstrukci vyznamnych silni¢nich
a Zelezni¢nich tunelovych staveb v Ceské republice — napt. Pisa-
reckého tunelu v Brné (prvni tunel dalni¢niho typu v CR), tunelii
Jihlava a Klimkovice, Kralovopolského tunelu v Brné, zmahéani
zavalu a dokonceni rekonstrukce tunelu Jablunkovského etc. etc.,
stejné jako tady stavebnich realizaci v zahranici.

Ing. Vlastimil Hordk ma také velmi dobry vztah k technic-
kému vysokému Skolstvi. Ve firmé AE Brno zaméstnava témér
20 absolventli predevsim FAST VUT v Brné, fadu let posky-
tuje ze zdroji firmy studentim oboru Konstrukce a dopravni
stavby praktickd zaddni bakalarskych a predevsim diplomo-
vych praci a je také jejich objektivnim oponentem. Na Usta-
vu geotechniky pravidelné zaseda i jako Clen stitni zdvérecné
komise.

Je publikacné Cinny jako autor a spoluautor fady odbornych
stati v Casopisech a sbornicich konferenci. V tomto smyslu je
v neposledni fadé rovnéz spoluautorem knihy ,,Sanace tunela®,
spole¢né s FAST VUT byl fesitelem projektu TACR ,,Sanace tu-
nell — technologie, materidly a metodické postupy®, autorsky se
velmi vyznamné podilel na dokumentdrni knize o Kralovopol-
ském tunelu a na publikaci CzTA ,,Podzemni stavitelstvi v Ceské
republice” etc.

V profesnim Zivoté pfejeme do budoucna jemu i firmé pod
jeho vedenim predevS§im mnoho dalSich zajimavych a tUspé$né
dokoncenych projekénich zakdzek v segmentu podzemniho sta-
vitelstvi, jen a jen ,,Sikovné* zameéstnance a vstficné a lukrativni
zadavatele objedndvek. V osobnim Zivoté potom piejeme, vedle
pevného zdravi a mnoha dalSich a dspésnych let, i pokracovani
harmonického partnerského vztahu, hodné dlouhych zajimavych
prochazek s krasnym a chytrym jezevcikem Siriem a také bohaté
a dynamické zaZitky z Castych vyjizd€k na motocyklu Harley-
-Davidson.

doc. Ing. VLADISLAV HORAK, CSc.

authorised engineer of the Czech Chamber of Authorised Engineers
and Technicians in Construction for the field of geotechnics,
a holder of certificate “Mine designer” and “Technical Supervisor
for underground activities carried out in mining-like way” and also
a State Mining Administration expert witness for underground
activities carried out in mining-like way. At the moment he is in
addition the chairman of the tunnel construction section of the
Czech Road Society.

From 1983 to 1993, he was employed in the position of a designer
in the railway construction company of Zelezni¢ni stavitelstvi Brno.
The main subject of his designing activities comprised specialist
foundations, stabilisation of landslides and also rehabilitation
of railway tunnels, which was one of few active and prosperous
branches of tunnel construction engineering. In the period 1991 to
1993, he was the head of a department of the company of ZS Brno
specialised in rehabilitation of concrete structures.

In 1993, he transferred to the newly founded company of
AMBERG Engineering Brno a.s., a branch of the famous Swiss
engineering company active first of all in underground construction.
Here he worked at the beginning in the position of chief designer. In
2001, he was appointed the director of the company and a member
of the Board of Directors.

Successful designs for new structures and reconstruction of
important road and railway tunnels in the Czech Republic, for
example the Pisarky tunnel in Brno (the first motorway-type tunnel
in the CR), the Jihlava and Klimkovice tunnels, the Kralovo Pole
tunnel in Brno, recovery of the collapsed Jablunkov tunnel and
completion of its reconstruction etc., as well as numerous civil
engineering projects abroad, were carried out with him participating
or under his leadership.

Ing. Vlastimil Horédk in addition has a good relationship with
technical university education. In the company of AE Brno, he
employs nearly 20 graduates, first of all from the Brno University
of Technology, for many years has provided students of the
Construction and Traffic Structures department with practical
topics for bachelor theses and, first of all, diploma theses, from
company’s own sources and has been also their objective opponent.
He in addition regularly sits as a member of the state final
commission at the Geotechnical Institute.

He is active in the field of publication as an author and co-
author of numerous technical articles in journals and conference
proceedings. In this sense, he is, at last but not least, also the co-
author of the book “Tunnel Rehabilitation”; together with the Brno
University of Technology he solved the Technology Agency of the
Czech Republic project “Rehabilitation of tunnels — technologies,
materials and methodological procedures”; he significantly
participated as a co-author in the documentary book on the
Krélovo Pole tunnel and in the CzTA publication “Underground
Construction in the Czech Republic”, etc.

In the professional life, we wish him and the company he is
in charge of, first of all lots of new interesting and successfully
completed design orders in the segment of underground construction,
only and only “skilful” employees and accommodating and
lucrative clients. In the private life, we wish him, in addition to great
health and many successful years to come, even the continuation
of the harmonious marital relationship, many long and interesting
rambles with his nice and clever dachshund Sirius, an also rich and
dynamic experiences from frequent Harley-Davidson motorcycle
rides.

doc. Ing. VLADISLAV HORAK, CSc.



ING. MARTIN SRB, PH.D. - 60 LET
CENG. MARTIN SRB, PH.D. — 60 YEARS OLD

Zacatkem kvétna 2019 oslavi 60 let
Ing. Martin Srb. Pfipomenuti tohoto
jubilea dostal na starost prof. Matou§
Hilar, ktery se rozhodl udélat s ju-
bilantem rozhovor. Nejprve budou
struéné zminény zdkladni profesni
udaje jubilanta. Ing. Martin Srb do-
konéil FSv CVUT (obor KD) v roce
1983, po studiu nastoupil do Met-
rostavu, kde se podilel na vystavbé
trasy metra B. Od r. 1990 pracoval
u rakouské firmy D2 Consult, od
r. 1998 vede jeji ¢eskou pobocku, kterd se v r. 2012 zménila na
3G Consulting Engineers. Jako projektant a konzultant pracoval na
tunelech v Evropé€, Severni i Jizni Americe a v Asii. V roce 2017
ziskal titul Ph.D. na FSv CVUT. M4 autorizaci v oboru geotechni-
ka a je dlouhodobg aktivni v Ceské tunelérské asociaci CZTA i v té
mezinarodni ITA-AITES.

MH: Je to mozné? ©

MS: Hm, také se obcas divim, jesté neddvno jsem byl na vSech
jednanich nejmladsi.

MH: A jaké to je?

MS: Za chvili uvidi§ sam. Zacinas bilancovat, nehrnes se do vSe-
ho po hlavé a chépes, Ze néco zméenit, zlepsit, posunout v nasem
oboru a prostfedi je béh na dlouhou trat. Snazim se s tim Zit a nemit
do budoucna prehnana oc¢ekavani.

MH: Ale néco se ti snad podarilo, ne?

MS: Ur¢ité, zélezi ale na tom, jaké jsi mél predstavy. U nds doma,
tim myslim v Cechach a na Slovensku, jsem docela spokojeny s né-
kolika projekty, u kterych jsme byli. Napriklad tunely na SOKP 514,
tam jsme byli jak u razby prizkumné Stoly a jejiho vyhodnoceni,
tak u zadavacich podminek pro tunely a u jejich realizace. Podarilo
se tam definovat podminky, které odpovidaji duchu NRTM, to zna-
mena, Ze je mozné optimalizovat razbu a pfitom na tom zhotovitel
neprodéla. BohuZzel se to nestalo vzorem pro dalsi tunely.

Pravé dokonceny tunel Ejpovice nese také pozitivni stopu nase-
ho spole¢ného tsili. Investorovi, ktery mél zdjem (SZDC, stavebni
sprdva Plzeri, dnes zdpad — pozn. red.), jsme poméahali s pfipravou
i realizaci a bylo by dobré, kdyby se ty ziskané zkuSenosti neztra-
tily. Zavedla se ve svété standardni organizacni struktura stavby
s extern¢ provadénym dozorem vcetné kontroly projektové doku-
mentace a dalSimi ¢innostmi. Také se prosadila nejefektivnéjsi me-
toda vystavby, tj. jeden tunelovaci stroj pro oba tunelové tubusy,
jsou tam dratkobetonové segmenty, pevna jizdni draha, zredukoval
se pocet propojek na evropsky standard. Mohlo by toho byt vic, ale
bylo to uméni mozného.

MH: A dalsi?

MS: Na Slovensku se povedl tunel Povazsky Chlmec na dalnici
D3 u Ziliny. Pro zhotovitele jsme pomahali vyhodnocovat podmin-
ky razby pro nabidku a prfi realizaci optimalizovat razby v ramci
smluvnich podminek podobnych D&B (design-build). Je to mys-
lim jediny projekt na Slovensku, se smluvnimi podminkami D&B,
podobnymi tzv. Zlutému Fidicu, kde se podafilo vyuZit prostoru
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At the beginning of May 2019 CEng. Martin Srb will celebrate
the 60™ anniversary of birth. Commemoration of this anniversary
was entrusted to Prof. Martin Hilar, who decided to do an interview
with the jubilarian. Basic professional data on the jubilarian will
be briefly mentioned first. CEng. Martin Srb finished his studies at
the Faculty of Civil Engineering of the Czech Technical University
(Civil Engineering and Traffic Structures specialisation) in 1983.
Subsequently he entered the company of Metrostav, where he
participated in the construction of metro Line B. From 1990 he
worked with the Austrian company D2 Consult and from 1998
is in charge of its Czech branch, which was converted into 3G
Consulting Engineers in 2012. He worked on tunnels in Europe,
North and South Americas and Asia in the position of a designer
and consultant. In 2017 he was awarded the Ph.D. title at the
Faculty of Civil Engineering of the Czech Technical University in
Prague. He has authorisation for the geotechnical branch and has
been for a long time active in the Czech Tunnelling Association as
well as the international ITA-AITES.

MH: Is it possible? ©

MS: Hm, I am also sometimes surprised. It was even recently that
I was the youngest person at all meetings.

MH: And how is it?

MS: After a while you will see yourself. You start to balance,
not go head-to-head to everything and understand that changing,
improving something or shifting it ahead is a long time run in our
profession. I try to live with it and have no exaggerated expectations
for the future.

MH: But I believe that you have succeeded in something, haven’t
you?

MS: Of course, it depends on the notions you had. At our home,
I mean in Bohemia and Slovakia, I am quite content with several
projects we participated in. For example, the Prague City Ring Road
SOKP 514. We worked on the excavation of the exploratory gallery
and the assessment of the results, and on tender conditions for the
tunnels and their realisation. Contractual conditions corresponding
to the spirit of the NATM were successfully defined there, which
means that it was possible to optimise the tunnel excavation and, at
the same time, the contractor did not suffer a loss. Unfortunately, it
has not become a model for other tunnels.

The just completed Ejpovice tunnel also carries a trace of
our common effort. We helped the project owner (Railway
Infrastructure Administration, state organisation,Civil Engineering
Administration Plzern — editorial note) who was interested with the
preparation and realisation of the project. It would be good if the
gathered experience is not lost. A standard organisation structure
with externally conducted supervision including checking on design
documents and other activities has been established in the world.
Even the most effective method of construction using one tunnel
boring machine for both tunnel tubes, steel fibre reinforced concrete
segments and slab tracks was pushed through, the quantity of cross
passages was reduced to the European standard. More things could
be achieved, but it was the art of impossible.

MH: And how about others?

MS: In Slovakia, the Povazsky Tunnel on the D3 motorway near
Zilina was a success. We helped the contractor to assess the tunnel
excavation conditions for the tendering purpose and to optimise the
excavation within the framework of the contract conditions similar
to the D&B (design-build) conditions. It is in my opinion the only
project in Slovakia with D&B conditions similar to the FIDIC
Yellow Book where the space left for the contractor for optimisation
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ponechaného zhotoviteli pro optimalizaci projektu. Byla tam kon-
struktivni spolupace vSech stran, bez toho to nejde. Projekt se re-
alizoval a zprovoznil velmi rychle, v podstaté podle predpokladu,
s ekonomickymi piinosy pro obé strany, tedy zhotovitele i investora.

Voo

MH: A co vzddlenéjsi cizina?

MS: Hned po sametové revoluci mé¢ zaméstnavatel (Metrostav
— pozn. red.), umoznil vyjet do Rakouska, kde jsem pak po vza-
jemné dohodé zustal. Pfislo to nahle a diky jazykové vybavenosti
a zkuSenostem to byl bezproblémovy prechod. Ze dne na den jsem
se dostal ze zemé za ostnatymi draty do svéta. Projektoval jsem
bez velkych zkuSenosti, ale v zabéhlém systému, dalni¢ni tunely
v Turecku, velké, tfipruhové, v zemétiesné oblasti, véetné vSech
jednani, kontroly stavby a i dost unikatnich feSeni vynucenych
zménami trasy béhem realizace. Prosté néco, co si asi kazdy mlady
inZenyr muze prat.

MH: Tureckem to ale neskoncilo?

MS: Ne, spi§ zacalo, Cina (v dobich kdy méla k dnesni drovni
jesté hodné daleko), Indie, Jizni Amerika. Jestli maji tyto rozvojové
zemé néjakou vyhodu, tak je to postaveni a moznosti odbornika
rozhodovat bez byrokratickych omezeni. MoZnost délat rozhodnuti
zaloZend na technickém posouzeni problému a pak ta rozhodnuti
realizovat. Nejdelsi silni¢ni tunel v Indii a JV Asii (9 km Patnitop,
Chenani-Nashri tunel v KaSmiru pozn. red.) jsem natrasoval na za-
kladé né&kolikatydenni prace v terénu a kancelafi. S kolegou Ing.
Petrem Svobodou jsme pak prakticky ve dvou, béhem péar mésict,
vypracovali koncept tunelu vcetné technologie, zad4dvaci dokumen-
taci a v pribéhu razeb jsem poméhal zhotoviteli. Od roku 2017 je
tunel v provozu.

MH: To vypadd dost hezky, dd se to zopakovat?

MS: Asi neda. Je to ale hezky pomnicek. Nékdy se tam budu muset
podivat, vétSinu téch exotickych tuneld jsem uZz v provozu nezaZzil.
V kazdém pripad¢ to jsou Casto ndhody, které o téch vécech rozho-
duji. Setkani s nékym, kdo se zept4, jestli nechces, telefon z druhého
konce svéta: ,,Mtzes pristi tyden prijet? a bud chce§ a muzes, nebo
ne. ZéleZi to na povaze, na okamzitych moznostech, néjaka touha po
dobrodruzstvi a nécem exotickém tam asi byt musi.

MH: Tak to by byla cizina, ted uz néjakou dobu pracujeme spolu,
tak vim, Ze ses snazil zkuSenosti a know-how oboru prenést i k ndm
do Cech. MoZnd abys sem néco vrdtil, kdyZ jsi odsud Metrostavu
utekl?

MS: No, kazdy se snazi, jak umi a jak si mysli, Ze ma. V Rakous-
ku jsem se setkal s lidmi, ktefi jsou v oboru dobii. Dost ndm tady
pomahali a pomahaji. Na projektech, konferencich, s tunelovymi
semindfi, které jsme pofadali a na kterych byli skvéli odbornici, se
zpiistupnénim svych predpisil, smérnic a jejich publikacemi u nés.
MEI jsem ambice trochu u nas otevrit dvefe do svéta, ukédzat, jak se
ta tunelarina déla jinde a pokusit se se z toho poucit. Dnes uz jsou
ty dvefe oteviené dokofdn a v dnesni dobé se k informacim dostane
kazdy, kdo o to stoji. SnaZim se o to, aby se u nas staly standardem
postupy, které se ve svéte€ osvédCuji, soutéZeni se zohlednénim kva-
lity, nezavisla kontrola vSech stupnit pfipravy, kompetentni staveb-
ni dozor. Myslim, Ze by to oboru pomohlo.

MH: A co ddl, jak dlouho chceS v té tunelariné ziistat a co jesté
ovlivnit?

MS: Hodné lidi kolem mé, nejen spolujubilant profesor Bartak,

of the design was successfully used. All parties constructively
collaborated there, which was absolutely necessary. The project was
realised and opened to traffic very quickly, basically as assumed,
with economic benefits for both sides, the contractor and the client.

MH: And how about more distant foreign countries?

MS: Just after the Velvet Revolution, my employer (Metrostav a. s.
— editorial note) allowed me to go to Austria, where I subsequently,
by mutual agreement, stayed. It came suddenly and, owing to
my knowledge of the language and experience, it was a smooth
transition. From day to day, I got from the state behind barbed wire
to the world. I worked on designs without great experience, but
in a customary system. Motorway tunnels in Turkey, large triple-
lane ones located in an earthquake area, including all negotiations,
construction supervision and even quite unique solutions required
due to changes of the route during the course of the realisation. It
was simply something every young engineer may wish.

MH: But Turkey was not the end?

MS: No, it was rather the beginning. China (in the times when
its today’s level was far ahead), India, South America followed. If
there is some advantage in developing countries, it lies in the status
and possibilities of a professional to decide without bureaucratic
limitations. The possibility of making decisions based on technical
assessment of the problem and subsequently implementing them
was great. I designed the route of the longest road tunnel in India
and SE Asia (9 km long Patnitop, Chenani-Nashri tunel in Kashmir
— editorial note) on the basis of several weeks of working in situ
and, together with my colleague CEng. Petr Svoboda, we prepared,
practically during several months, the tunnel concept including
technology and tender documents. During the tunnel excavation I
helped the contractor. The tunnel is in operation from 2017.

MH: It looks quite nice, can it be repeated?

MS: Probably it cannot. But it is a nice memory. Once I will
visit the places; I did not see the majority of the exotic tunnels in
operation. Anyway, decisions on such things are often accidental.
You meet somebody who asks whether you would like it, receive
a phone call from the other end of the world: “Can you arrive
next week?”, and you either would and can or not. It depends on
your nature and immediate possibilities. Nevertheless, there must
probably be some desire for adventure and something exotic in it.

MH: So foreign countries are over; we have worked together for
some time, so I know that you tried to transfer your professional
experience and know-how even to the Czech Republic, possibly
to return something to compensate for your “escaping” from
Metrostav?

MS: Well, everybody tries as much as he can and thinks that he
should. In Austria, I met people which were good in the industry.
They quite helped and still help us at projects, conferences with
tunnel seminars which we organised and which were attended by
excellent professionals, with making their regulations, directives
available for us and their publications in the Czech Republic. My
ambition was to slightly open our door to the world, show how
the tunnel construction profession is conducted elsewhere and
try to learn a lesson from it. Today the door is already wide open
and everybody interested can get to information. I try to help the
procedures which have become proven in the world, i.e. competing
with the quality taken into account, independent checking on all
stages of preparation and competent construction supervision, to
become standards in the Czech Republic. I believe that it would
help the profession.

MH: And what else? How long do you will to stay in the tunnel
construction profession and what else do you wish to influence?

MS: Many people around me, not only the co-jubilarian professor




se moc nedivd na ten zdkonny vék odchodu do dichodu. Mozna
dopadnu podobné. Jinak ted je asi hlavni vyzva naseho oboru
v Cechich vibec prezit. Ve svété to je rychle se rozvijejici obor
a tady nic. Potfebnych tunell na dalnicich i na Zeleznici je u nas
dost. TakZe pro tebe a mladsi jsou na obzoru projekty, kterych se
asi dockdte. Ale v soucCasné dobé mdme jenom trasu metra D, je
néjak pripravena a musi se konecné zacit realizovat. Snazim se no-
vym zodpovédnym predstavitelim mésta vysvetlovat problematiku
a doufam, Ze za ty necelé Ctyfi roky jejich volebniho obdobi se toho
udéla vic, neZ v tom minulém.

MH: A néjaké prdni na zdveér?

MS: Snad aby si vSichni v oboru uvédomili, Ze mame spolecny
zajem a cil. Pfipravovat, realizovat a provozovat technicky kvalitni,
ale taky ekonomicky efektivni projekty. Divat se do svéta, umét
se poucit z chyb jinych, nejen vlastnich. Kriticky premyslet, nebat
se diskutovat, stit si za svym ndzorem, ale zvaZovat i nazory jiné.
A samozfejmeé prispet k tomu, aby nas obor nebyl spojovan s tune-
lafinou ekonomickou.

MH: Dékuji jubilantovi za rozhovor a do budoucna mu preji pre-
devsim zdravi a vitalitu, af mu i naddle vydrZi nadSeni pro nds
obor.

prof. Ing. MATOUS HILAR, Ph.D.,
¢len redakéni rady
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Bartak, do not take the statutory retirement age too much into
consideration. I may come out similarly. Otherwise, the current
main challenge of our industry in the Czech Republic is probably: at
least to survive. In the world, it is a rapidly developing industry, but
nothing happens here. Tunnels needed on motorways and railways
are numerous here. It means that there are projects on horizon for
you and younger people you will probably see. But currently we
have only the metro Line D, which is prepared in some way and its
realisation has finally to start. I am trying to explain the problems
to responsible representatives of the city and believe that during the
less than four years of their term more work will be done than in
the past term.

MH: And some wishes in the end?

MS: Probably that all people working in the tunnel construction
industry realise that all of us have a common goal — to prepare, realise
and operate technically good quality, but also economically effective
projects. Looking into the world, it is to be able to learn from the
mistakes of others, not only of our own ones. To think critically, not
to be afraid to discuss, to stand by one’s opinion, but also to take into
consideration opinions of others. And, of course, to help to make our
industry unrelated to the “economic tunnelling” term.

MH: I thank the jubilarian for the chat and wish him first of all
great health and vigour, and that his enthusiasm for our industry
continues.

Prof .CEng. MATOUS HILAR, Ph.D.,
Member of Editorial Board

55™ ANNIVERSARY OF SUBTERRA FOUNDATION

Subterra belongs among the oldest domestic construction
companies. Its beginning is symbolised by the first firing of
charges during the excavation of the Zelivka water supply tunnel
in September 1964. The fifty five years brought numerous changes
in the company name, its legal form and ownership. Starting
from the branch of Pribram Uranium Mines, through the Zelivka
branch plant, the national enterprise Underground engineering
construction, the concern enterprise Development of uranium
mining industry, up to the state-owned company which was assigned
the name of Subterra in 1990. The current joint stock company has
been part of the Metrostav Group since 2004. The multi-purpose
company with four divisions developed from the contractor for
underground construction projects. It performs virtually all
kinds of buildings and traffic structures, including their technical
equipment. During several recent years Subterra has worked
more and more frequently abroad. Currently it participates in
infrastructural projects in Slovakia, Hungary, Germany or Sweden.

Subterra patfi k nejstar§Sim tuzemskym stavebnim spole¢nostem,
jeji pocatky symbolizuje prvni odpal pfi razbé vodovodniho pfiva-
d&ce Zelivka v z4ri 1964. Pétapadesit let prineslo ¢etné zmény né-
zvu, pravni formy i vlastnictvi. Od utvaru Uranovych dold Pfibram
pies jejich odst&pny zavod Zelivka, narodni podnik Podzemni inZe-
nyrské stavby, koncernovy podnik Vystavba dold uranového pri-
myslu aZ po statni podnik, ktery v roce 1990 dostal jméno Subterra.
Dnesni akciova spolec¢nost patii od roku 2004 do koncernu Skupina
Metrostav. Z dodavatele podzemnich staveb se vyvinula viceoboro-
vé spolecnost se Ctyfmi divizemi, ktera realizuje prakticky vSechny
druhy pozemnich a dopravnich staveb a také jejich technické vy-
baveni. V nékolika poslednich letech plisobi Subterra stéle Castéji
i v zahranici, aktudlné se podili na infrastrukturnich projektech na
Slovensku, v Madarsku, Némecku nebo Svédsku.

Obr. 1 Prvni odpal na vodovodnim p¥ivadéci z Zelivky do Prahy
Fig. 1 First firing of charges in the Zelivka water supply tunnel from Zelivka
to Prague

0d uranovych dolil k vodohospodarskym
stavbam

Podzemn stavitelstvi v Ceskoslovensku se v prvnich dvaceti po-
véalecnych letech pojilo s t€Zbou uhli a uranu. Bariské organizace
zfizovaly od konce 50. let své vystavbové podniky, které provadély
jak dilni price, tak primyslové pozemni stavby. V 60. letech bylo
tieba najit dodavatele pro planovanou razbu vice nez padesatikilo-
metrového tunelu Zelivka, piivadgjiciho pitnou vodu z vodni nadrze
Svihov do Prahy. K realizaci ndro¢ného dila se zavézaly Uranové
doly Pfibram, jeZ proto zfidily od§tépny zavod Zelivka. Pozdg&jsi
narodni podnik Podzemni inZenyrské stavby se zabyval zakazkami
mimo téZbu uranu, ke svému pivodnimu zaméfeni se ovSem Cds-
tecné€ vratil v roce 1976 v podobé koncernového a pozdégji statniho
podniku Vystavba doli uranového primyslu. Po roce 1990 doché-
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zelo k dtlumu t€Zby uranu a podnik, jiz pod ndzvem Subterra, zacal
své plsobeni rozsifovat do vSech oblasti podzemniho a pozemniho
stavitelstvi. V roce 1992 pfi prvni vin€ privatizace vznikla akciova
spolecnost.

Tunel Zelivka (1964-1972) spojuje tGpravnu vody u Soutic s vo-
dojemem u Jesenice. Gravitacni pfivadéc s monolitickym Zelezobe-
tonovym kruhovym profilem o priméru 2,64 m ma délku 51,97 km,
kterd jej fadi na Sesté misto na svété. Vyska nadloZi je od 7 do 176 m,
vypocty musely zahrnovat i zakulaceni zemé. Tunel byl vybudovan
hornickym zplisobem, s pouZitim zhruba tisice tun trhaviny Perunit.
Razba unikétniho dila predstavovala obtiZny ukol pro horniky i ge-
ology, ti pak mohli nabyté zkuSenosti vyuZit pfi pfipravé a realizaci
dalsich podzemnich soucasti vodohospodarskych staveb.

é.‘ - ﬁ ’ - *I 3
Obr. 2 Vodni dilo PFisecnice
Fig. 2 Prisecnice waterworks

K nejvyznamnéjSim dilim, kterd Subterra v tomto oboru realizo-
vala, patii oblastni vodovod Pfisecnice (1970-1976), tlakova Stola
zasobujici Chomutov a okoli, pfi jejiZ raZzbé se poprvé v tuzemsku
uplatnil plnoprofilovy stroj, vodni dilo Rimov (1971-1978) na Mal-
$i zajiStujici pitnou vodu pro velkou &ast jiznich Cech, Stanovice
(1972-1978) na Lomnickém potoce pro dneSni Karlovarsky kraj
a Josefuv Dul (1976-1984) na Kamenici pro Liberecko a Jablo-
necko. K pozdéji dokoncenym stavbam se fadi vodni nadrZ Slez-
ska Harta (1987-1997) na Moravici nebo Virsky oblastni vodovod
(1988-2000) na Svratce.

Dal§im technicky vyjimecnym projektem, pro spole¢nost Sub-
terra jednim z nejduileZitéjSich, se stala precerpavaci vodni elekt-
rarna Dlouhé strané v Hrubém Jeseniku (1978-1996). Podzemni
elektrarna se dvéma Francisovymi turbinami o celkovém vykonu
650 MW, jez zajiStuje stabilitu energetické soustavy, vyuZiva pulki-
lometrového vySkového rozdilu mezi horni nadrZi na vrcholu hory
Mravenecnik a dolni nddrzi na Divoké Desné. Subterra doddvala

celou podzemni ¢ast dila, zejména kaverny pro elektrarnu a trafo-
stanici o rozmérech 87x25x50 m, resp. 117x16x21 m, dva potrubni
privadéce z horni nadrze o délce priblizné 1,5 km a praméru 3,6 m,
dva vodni tunely do dolni nadrze s celkovou délkou témér 750 m
s primérem 5,2 m a rovnéz 8,5kilometrovou soustavu dalSich tu-
neld.
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Obr. 3 Precerpdvaci vodni elektrdrna Dlouhé strdané
Fig. 3 Dlouhé Strdané pumped storage scheme

K vodohospodarskym stavbam se od roku 1971 fadi i raZené ka-
nalizac¢ni sbérace, které si nejprve vyzadal rozvoj prazskych sidlist.
Prvnim a nejvyznamnéjSim dilem se stala paterni stoka K (1971-
1979), jez vede pod pravym bfehem Vltavy od Branického pivo-
varu az na Vyton, kde podchézi feku a pod Petfinem sméfuje az
do bubenecské tstredni Cistirny odpadnich vod. Délka stoky presa-
huje 11 km, profil obloZeny berolovymi deskami ma nejvetsi pru-
mér 3,6 m. Subterra realizovala také nékteré sbérace pripojené do
stoky K, tj. JZM I a II, Barrandov a levobiezni kunraticky sbérac.
Nejnovéjsi technologii pro vystavbu kanalizace je mikrotunelovaci
stroj Iseki, poprvé nasazeny pii vystavbé stoky Y v Usti nad Labem
v roce 1996 a pozdéji napiiklad v Karviné (2007-2009), Pardubi-
cich (2011) ¢i Plzni (2012-2013).

Subterra vybudovala rovnéZ obé podzemni ¢istirny odpadnich vod
na tzemi Ceska. Technologie &istirny v Peci pod Snézkou (1985—
1988), umisténé pod povrch s ohledem na ochranu Krkono$ského
narodniho parku, se nachdzi v kaverné o rozmérech 91x13x11 m,
razené Novou rakouskou tunelovaci metodou (NRTM). Cistirna
v Lokti nad Ohfi (1993-1998) v chranéné krajinné oblasti Slavkov-
sky les ma dvé kaverny velikosti 25x6/11x9 m.

Mezi technicky vyjimecné stavby patii taktéz tlakové uzavéry ka-
vernového zdsobniku plynu Hédje u Pfibrami (1996-1998).

Kabelové tunely a vystavba kolektorovych siti

Pocatkem 70. let minulého stoleti bylo tfeba v Praze posilit a za-
lohovat rozvody vysokého napéti 110 kV a22 kV, zejména v souvis-
losti s vystavbou metra. Tradi¢ni ukladdni kabeld do tvarnicovych
tras nardZelo na prekazky v podobé stavajici technické infrastruk-
tury. Resenti, u jehoZ zrodu stdla Subterra, predstavovaly kabelové
tunely budované v centru hlavniho mésta v letech 1972-1985. Cel-
kova délka sité¢ dosdhla témér 15 km, Slo o kabelové tunely (KT)
stfed vcetné prodlouzeni, KT jih, HoleSovice a Prazacka.

Kabelové tunely byly razeny bud konvencné s pouzitim trhavin,
nebo plnoprofilovymi stroji. Definitivni osténi z monolitického Ze-
lezobetonu ma kruhovy tvar o priméru 2,16-2,64 m, pfi jeho rea-
lizaci se postupné uplatiiovaly nové technologie jako fdliova hyd-
roizolace nebo antikorozni ochrana vyztuze tryskanou metalizaci.



Od poloviny 80. let byly v Praze samostatné kabelové trasy budova-
ny jen vyjimecné, elektrorozvody se staly soucasti siti uklddanych
do modernich sdruzenych tras — kolektort.

Pribyvajici rekonstrukce a modernizace budov ve velkych més-
tech prinasely zvySené naroky na kapacitu inZenyrskych siti. Re-
konstrukce, vystavba a havarie potrubi ¢i kabelti ov§em narusovaly
povrch ulic a tim komplikovaly chod mésta. V centralnich ¢dstech
nejvétsich sidel proto zacala vystavba podzemnich tras pro spolec-
né uloZeni vSech rozvodd, tunely byly zpravidla raZzeny NRTM.
Subterra se od poloviny 70. let zdsadni mérou podilela na vzniku
arozvoji tuzemskych kolektorovych siti, nejprve v Brn€ a nasledné
i v Praze a Ostravé.

V Brné Subterra budovala v letech 1976-1994 kolektory II. ka-
tegorie. Jde o dva propojené okruhy v celkové délce 7,8 km vedené
v hloubce az 30 m, jeden kolem historického jadra a druhy v pri-
myslové zoné. Razené kolektory III. kategorie z let 1995-2000,
v nichZ je uloZena i kanalizace, se nachazeji v mensich hloubkéch
okolo 6 m a jejich délka dosahuje 6 km. V letech 2003-2005 byla
sit sekundarnich kolektorti v brnénském centru rozsifena v ramci
projektu ISPA.

V Praze zacala vystavba kolektorové sité v roce 1985 a v sou-
Casnosti dosahuje jeji délka v centru mésta priblizn€ 20 km. Sub-
terra se na realizaci podilela z vice nez 90 %. Kolektor Centrum I
(1985-2002) je paterni trasou II. kategorie, v délce necelych 4 km
probiha v hloubce zhruba 30 m. Mezi kolektory III. kategorie pat-
fi Celetna (1985-1988), Tylovo divadlo (1988-1991), Rudolfinum
(1990-1992), Centrum I.A (1994-1998), Piikopy (1997-2000), Vo-
dickova (2003-2007) a rovnéz Vaclavské namésti A, B a C (2003—
2009).

Obr. 4 Kolektor Centrum I.A, Vodi¢kova, Praha
Fig. 4 Centrum 1.A utility tunnel, Vodickova Street, Prague

Nejnovéjsi soucasti prazské sité je kolektor HIavkiiv most
(2016-2018). Trasa II. kategorie o délce 418 m prochazi v hloubce
15-20 m pod vltavskym dnem a spojuje TéSnov s HoleSovicemi.
Soucasti kolektoru jsou Ctyfi Sachty, dve technické komory a hlou-
bena odboéna vétev na Stvanici. Razby NRTM se musely vyporadat
s tfemi odliSnymi horninovymi prostfedimi i podzemni vodou.

Na ostravskych kolektorech pracovala Subterra od konce 90. let.
Kolektor Podébradova (1997-1999) je témét 800metrovou trasou
III. kategorie v historické ¢asti mésta, na niZ navazuje kolektor Cen-
trum (2003-2005). Soucést projektu ISPA predstavovalo rozsiteni
kanaliza¢niho systému, Subterra zajistovala rovnéz kompletaci sbé-
racd. Pri razbé kanalizacniho sbérace F ve Staré Bé¢lé byl nasazen

mikrotunelovaci stroj Iseki.
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Tunely pro silnice, zeleznice i metro

Subterra od svych pocatkll pofizovala a z¢asti 1 vyvijela vyspélé
tunelaiské technologie. Slo zejména o plnoprofilové razici stroje,
predchtidce dnesnich TBM. ZkusSenosti s realizaci vodohospodar-
skych a infrastrukturnich podzemnich staveb vyuzila i v polistopa-
dovém obdobi, kdy se podilela na realizaci mnoha dal$ich vyznam-
nych projektll. Jednou z novych oblasti ¢innosti se staly dopravni
tunely, razené vétSinou NRTM.

= -

Obr. 5 Pisdrecky tunel, PraZskd radidld, VMO Brno
Fig. 5 Pisdrky tunnel, Prague Radial Road, LCRR Brno

Od poloviny 90. let stavéla Subterra silni¢ni tunely ve méstech
i na délnicich. Pisarecky tunel v Brné (1995-1998) je prvnim mést-
skym tunelem délni¢niho typu v Cesku, délka pievazné raZenych
tubust ¢ini 512 a 497 m. Tunel Mrazovka v Praze (1998-2004),
Dopravni stavba roku 2005, tvofi ¢ast Méstského okruhu, jeho tu-
busy méfi 1298 m, resp. 1264 m. Tunel Klimkovice (2004-2006)
na délnici D47, Dopravni stavba roku 2008 a Stavba Moravskoslez-
ského kraje 2009, ma délku 1088, resp. 1076 m. Brnénsky Kralovo-
polsky tunel (2006-2012) pod ulici Dobrovského, s tubusy o délce
1237 a 1258 m, predstavuje dulezity a na realizaci narocny usek
Velkého méstského okruhu. Projekt ziskal ocenéni Stavba Jihomo-
ravského kraje 2012 a Stavba roku 2013. Na prazském Méstském
okruhu se nachdzi Komoransky tunel (2007-2009) s délkou 1937,
resp. 1924 m, jehoz vystavbé predchazela razba prizkumné Stoly.
Tunel Prackovice (2008-2009) s tubusy o délce 270 a 260 m v Ces-
kém strfedohori je soucésti ddlnice D8, rovnéz zde Subterra realizo-
vala priizkumnou Stolu. Komplexni inZenyrskogeologicky priizkum
v soucasnosti probihd také v trase prazské Radlické radidly, kde
byla ve dvou etapach vyrazena priizkumna stola (2014-2017) v cel-
kové délce 1030 m.

Od pocatku 21. stoleti pracovala Subterra na vystavbé ¢i rekon-
strukci desitky Zelezni¢nich tuneli, zpravidla §lo o soucast moder-
nizovanych, napfimenych trati. Na trati Z4bfeh na Moravé — Ceska
Trebova se nachazeji Krasikovské tunely (2002-2004), Krasikov
s 1101 m a Tatenice se 143 m, a rovnéZ tunely Mald Huba a Hnév-
kov II (2004-2006), které méfi 324, resp. 180 m. Zasadni stavbou
pro Zelezni¢ni dopravu v Praze se stalo Nové spojeni (2004-2010),
diky némuZ jsou provdzana vSechna nddrazi v hlavnim mésté.
Pod Vitkovem prochazeji dva dvoukolejné tunely o délce 1364
a 1316 m. Soucasti modernizace trati Votice — BeneSov u Prahy
(2009-2013) byly i ctyfi raZzené tunely. Olbramovicky méri 480 m,
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Zahradnicky 1044, Tomice I 324 m a Tomice II 252 m. Na trati mezi
statni hranici SR, Mosty u Jablunkova a Bystfici nad OISi, byl pre-
stavén Jablunkovsky tunel II (2008-2011) o délce 612 m. Predmé-
tem dalSi ndro¢né rekonstrukce s rozsitenim profilu se stal 230me-
trovy Teplicky tunel (2015-2016) na trati Trutnov — Teplice nad
Metuji.

Obr. 6 Jablunkovsky tunel, Optimalizace trati stdtni hranice SR — Mosty
u Jablunkova — Bystfice nad OIsi

Fig. 6 Jablunkov tunnel, Optimisation of railway track between Slovakian
state border — Mosty u Jablunkova — Bystrice nad OIS{

Subterra se podilela rovnéZ na budovani prazského metra. V use-
ku IV.C1 Nadrazi HoleSovice — Ladvi (2000-2002) §lo o raZeny
dvoukolejny tunel o délce 1700 m, hloubena ¢ast méii 96 m. Na
prodlouZeni stejné trasy, IV.C2 Ladvi — Letiiany (2004-2008), které
se stalo Dopravni stavbou roku 2008, byl realizovan 970 m dlouhy
usek a také Cast stanice Letiany. Nejnovejsi ¢asti metra je prodlou-
Zeni trasy A Dejvickd — Nemocnice Motol (2010-2015), kde Sub-
terra stavéla stanici Nadrazi Veleslavin. Zde byla poprvé v Praze
trojlodni stanice razena NRTM.

Ocenované novostavby a obnova
vyznamnych pamatek

V roce 1995 zalozila Subterra divizi pozemnich staveb, ktera re-
alizuje vSechny jejich typy — bytové, obcanské i pramyslové, déle
buduje napriklad Cistirny odpadnich vod. Kromé novostaveb a re-
konstrukci se zabyva také obnovou historickych objekta véetné nej-
vyznamnéjSich tuzemskych pamatek.

Subterra realizovala nékolik budov navrZenych nejlep$imi tu-
zemskymi architekty, jez ziskaly titul Stavba roku ¢i dalsi ocené-
ni. V roce 2016 obsadila druhé misto v Ratingu Nadace pro roz-
voj architektury a stavitelstvi (RABF) za obdobi 2013-2015, ktery
predstavuje bodové hodnoceni kvality dodavatelt na zdkladé tspé-
chti v soutézi Stavba roku.

K nejdilezitéjsSim novostavbam poslednich let naleZi stanice
prazského metra Nadrazi Veleslavin (2010-2015), Svét techniky
v Ostravé (2012-2014), ktera ziskala Cenu vefejnosti v soutéZi
Stavba roku 2014, ptistavba ZS Dobiichovice (2012-2014), Stavba
roku 2015, Zoo péti kontinentd v Jihlavé (2011-2015) a zimni hala
Skoda Icerink v Praze (2017-2018), Stavba roku 2018.

Mezi vyznamné pamatkové chranéné objekty, na jejichZ obnové
se Subterra podilela, se fadi prazska Hergetova cihelna (2001-2002),
Staroméstska radnice a prilehlé historické domy (2009-2010), za-
mek Roztoky (2011-2012), prazské Klementinum (2012-2017)
nebo véz Staroméstské radnice (2017-2018). V hlavnim mésté pro-
biha od roku 2018 revitalizace Clam-Gallasova paléce.

Vice nez dvacet let na Zeleznici

V roce 1997 roz§ifila Subterra sviij vyrobni program o Zelezni¢ni
stavby, které se pro ni postupem casu staly jednim z nejvyznam-
néjSich segmentil. Spolecnost disponuje modernim technickym
vybavenim pro vystavbu, modernizaci a rekonstrukci tranzitnich
koridorti i regiondlnich trati. Kromé standardniho Zelezni¢niho
svrsku se Stérkovym loZem realizuje i pevnou jizdni drdhu systé-
mu OBB-PORR. Divize dopravnich staveb sidli jako jedind mimo
hlavni mésto, v jihomoravském TiSnové, a kromé Zeleznic¢nich
trati zajiStuje napriklad vystavbu protihlukovych stén nebo likvi-
daci ekologickych zatézi a rekultivaci byvalych pramyslovych
uzemi.

Prvni modernizovanou koridorovou trati se stal isek Hodonin —
Moravsky Pisek (1997-1999), dal§imi vyznamnymi projekty byly
tiseky Krasikov — Ceska Trebova (2002-2005), Zabieh na Moravé
— Krasikov (2004-2006), Dopravni stavby roku 2005, resp. 2006,
dale Bieclav — stitni hranice SR (2004—2007), Cervenka — Zabieh
na Moraveé (2005-2008), Plzer — Stiibro (2006-2009), Doubi u Ta-
bora — Tabor (2006-2009), Dopravni stavba roku 2009, Bystfice
nad OI§i — Cesky T&Sin (2009-2012), Zbiroh — Rokycany (2009
2012), Votice — BeneSov u Prahy (2009-2013), Dopravni stavba
roku 2013, a Praha-Bubene¢ — Praha-HoleSovice (2012-2016),
dilo ohodnocené Cenou SFDI 2015. Od roku 2016 je moderni-
zovan usek Beroun — Kraliv Dvir, od roku 2017 Cesk}’l Teésin —
Détmarovice.

Obr. 7 Pevnd jizdni drdha, tunel Ejpovice, MTU Rokycany — Plzeii
Fig. 7 Slab track, Ejpovice tunnel, modernisation of Rokycany — Plzeri track

Nejnovéjsim dokoncenym projektem je modernizace trati Ro-
kycany — Plzen (2013-2018), jejiz soucésti je nejdelsi tuzemsky
Zelezni¢ni tunel Ejpovice, jenZ méfi 4150 m. Subterra v obou tu-
busech poloZila pevnou jizdni drdhu systémem OBB-PORR, feSeni
Zelezni¢niho svrsku spocivajici v uchyceni kolejnic k prefabriko-
vanym zZelezobetonovym deskam. Tato technologie byla poprvé
v tuzemsku vyuZita pfi rekonstrukci Stfelenského tunelu (2011-
2013) na trati Horni Lide¢ — statni hranice SR, jez ziskala Cenu
SZDC 2014.

Subterra se podilela na dpravach mnoha dalSich celostatnich
i regiondlnich Zelezni¢nich spojnic, v poslednich letech §lo na-
ptiklad o trati Ostrov nad Oslavou — Sklené nad Oslavou (2014—
2015), Klatovy — Zelezna Ruda (2014 —2016), Brno-Maloméfice
— Brno-Kralovo Pole (2015-2016), Brno-Kralovo Pole — Kufim
(2015-2016), Frydlant nad Ostravici — ValaSské Mezific¢i (2015-
2016), Breclav — Znojmo (2017) ¢i o rekonstrukei stanice Kufim
(2017-2018).




Mezi kolejové dopravni stavby patii rovnéz vystavba prazské
tramvajové trati Hlubocepy — Barrandov (2001-2004), Stavba roku
2004, nebo rekonstrukce tramvajové trati Evropska (2013).

Technologie pro budovy
i infrastrukturni projekty

Subterra od roku 2008 dodava rovnéz technické zatizeni budov
a technologické celky velkych staveb, naptiklad tunelt. Kromé
vSech druht instalaci zajiStuje i certifikovanou technologii samo-
¢inného hasiciho zafizeni na vodni bazi. Divize TZB realizuje také
inZenyrské sité a mensi dopravni stavby.
pati nékolik prazskych projektd, napfiklad obchodné-administra-
tivni centrum Florentinum (2012-2013), administrativni budovy
Aviatica (2014-2015) a Mechanica (2016-2017) v arealu Waltrov-
ka, obchodni centrum Chodov (2016-2018) nebo administrativni
soubory Palmovka Park II (2012-2013) a Palmovka Open Park
(2017-2018).

V oblasti infrastrukturnich projektl zajistovala Subterra technic-
ké vybaveni tunelového komplexu Blanka (2012-2014), trasy metra
V.A Dejvice — Motol (2013-2015), tunelti Prackovice a Radej¢in na
délnici D8 (2014-2016) nebo rekonstrukci prazské Cerpaci stanice
odpadnich vod Hrdlotezy (2016-2017).

Obr. 8 Technologie pri vystavbé prodlouZeni metra V.A Dejvickd — Motol,
Praha

Fig. 8 Technology used for construction of metro line V.A Dejvickd — Motol,
Prague

Rozsahlé zakazky v nékolika
evropskych zemich

Zahrani¢ni piisobeni Subterra zahdjila jiz v 80. letech, kdy v teh-
dejsi Jugoslavii razila vodovodni ptivadéc Batlava (1982—-1983).
Po roce 1990 pribyly dalSi zemé&. V Némecku se spole¢nost po-
dilela zejména na vystavbé silnicniho tunelu Lowenherz (1993),
Zelezni¢niho tunelu Niederhausen (1999-2000) a nouzové Stoly
pro Zelezni¢ni tunely Eurwang a Irlahiill na rychlodraze Ingolstadt
— Norimberk (1999-2000). Ve Spanélsku §lo napiiklad o pievede-
ni vodotece u mésta Meirama (1991-1992), o odvodiiovaci tunel
La Coruiia, tpadni Stolu do dolu Coto Cortés a zejména o strojni
razbu tunell pro dopravu v dole Figaredo (1990-1997). Dalsi za-
kazky realizovala Subterra i v zemich byvalé Jugoslavie, v Chor-
vatsku vybudovala délni¢ni tunely Plasina (2002-2004) a Tuhobi¢
(2006-2007), v Srbsku pak tunel Bancarevo (2012-2017).

Na zahrani¢nich trzich dnes pusobi Subterra a.s. prostiednic-
tvim svych organiza¢nich slozek, v Madarsku a Svédsku byly kro-
me nich zaloZeny i dcefiné spolecnosti; v prvém piipadé jde o sto-
procentni majetkovou ucast ve spolecnosti Subterra Raab Kft.,
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v druhém o smiSenou Cesko-Svédskou spolecnost SBT Sverige
AB. Cinnost v Némecku je zaloZena na spoluprici se sesterskou
spolecnosti BeMo Tunnelling.

Na Slovensku se Subterra podilela na razbé prizkumné Stoly
pro tunel Polana (2006-2007) a také na modernizaci trati PieStany
— Nové Mesto nad Vdhom (2006-2009). Od roku 2017 patii k do-
davatelim modernizace trati Pichov — Povazska Tepld, nejvétsi
investice v historii samostatnych slovenskych Zeleznic. Subterra
razi 1861metrovy dvoukolejny tunel Milochov.

Prvnim madarskym projektem byla modernizace trati Budapest-
-Kelenfold — Tarnok (2011-2013). Navazovala vystavba 18 mos-
td na dalnici M43 (2013-2014), modernizace Zelezni¢niho uzlu
Székesfehérvar (2014-2016) a silni¢ni obchvat Varpaloty (2014—
2018). Roku 2018 zah4jila Subterra prace na rychlostni silnici
MBSS.

V Némecku byla dulezitou zakdzkou rekonstrukce vice nez
ctyrkilometrového Zeleznicniho tunelu Alter Kaiser-Wilhelm
(2014-2015). Nasledovala spoluprace s BeMo Tunnelling; pfi-
kladem jsou Zelezni¢ni tunel Zierenberg (2016-2017) nebo pod-
zemni tramvajova trat v Karlsruhe (2016-2017). V soucasnosti, od
roku 2017, je to vystavba dalni¢nich tuneldl Spitzenberg a Herr-
schaftsbuck.

Obr. 9 Rekonstrukce Zeleznicniho tunelu Alter Kaiser-Wilhelm, Némecko
Fig. 9 Reconstruction of the Alter Kaiser-Wilhelm railway tunnel, Germany

Piisobeni ve Svédsku zahajila Subterra realizaci pfistupovych tu-
neld Sitra a Skdarholmen (2016-2017) pro noveé budovany dalnic¢ni
obchvat Stockholmu. V roce 2017 pak dcefind spole¢nost ziskala
zakdzku na hlavni tunel Skédrholmen, ktery se celkovou osmikilo-
metrovou délkou svych tubusi fadi k nejveétSim zahranicnim zakaz-
kam tuzemskych stavebnich spolecnosti. SBT Sverige AB se v sou-
¢asné dobé rovnéz zapojuje do projekti spojenych s rozsitenim sité
stockholmského metra. Zde vloni ziskala prvni zakdzku na pristu-
povy tunel Veddesta.

Vzhledem k situaci na tuzemském stavebnim trhu Ize predpokla-
dat, ze pfevaznou Cast velkych podzemnich infrastrukturnich pro-
jektd bude Subterra i v nejbliz§ich letech realizovat hlavné v za-
hrani¢i. Nicméné to neznamend, Ze neni pripravena uplatnit své
zkuSenosti a kapacity rovnéz na domaci pade.

Ing. JAN VINTERA,
Jvintera@subterra.cz,

Ing. JIRI NOVY,
Jjnovy@subterra.cz, Subterra a.s.
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ROZLOUCENI

NAVZDY ODESEL PROF. ING. JOSEF ALDORF, DRSC.
PROF. ING. JOSEF ALDORF, DRSC. LEFT FOREVER

Dne 22. 3. 2019 nas navzdy opus-
til dlouholety aktivni a respektovany
¢len redakcni rady casopisu Tunel
a Ceské tunelaiské asociace, peda-
gog, védecko-vyzkumny pracovnik
a vyjimecny Clovék prof. Ing. Josef
Aldorf, DrSc.

Pro své Siroké znalosti, zkuSenos-
ti a mimorddné inZenyrské mysleni
byl vyhleddvanym odbornikem jak
pro feseni komplikovanych problé-
mil hornictvi v ostravsko-karvinském
reviru i povrchovych hnédouhelnych dold, tak i pro oblast geo-
technického a podzemniho stavitelstvi, vyznamné se zapojoval do
procesu projektovani i realizace fady tunelovych staveb v Ceské
republice. Za mimofadné zasluhy o Ceské podzemni stavitelstvi se
stal drzitelem pamétni medaile Ceské tunelai'ské asociace. V sou-
Casnosti byl jejim Cestnym ¢lenem, v pfedchozim obdobi zastival
rovnéZ pozici v predsednictvu asociace a aktivné se podilel na jeji
¢innosti a rozvoji.

Profesni Zivot pana profesora Aldorfa byl neodmyslitelné spjat
s Vysokou Skolou banskou — Technickou univerzitou Ostrava, kde
pusobil nepretrzit¢ od ukonceni svych vysokoskolskych studii
v roce 1962 aZ do soucasné doby. Na této univerzité ziskal postup-
né docentsky a profesorsky titul a titul doktora véd, v roce 2017
ocenila univerzita celoZivotni pfinos pro jeji rozvoj, prosperitu a Si-
feni jejiho dobrého jména profesora Aldorfa prestiznim ocenénim
Stopa absolventa.

Na Hornicko-geologické fakulté vystudoval obor zaméfeny na
vystavbu dolti, po vzniku Fakulty stavebni byl inicidtorem trans-
formace oboru Vystavba doli do oboru Geotechnika a podzemni
stavitelstvi, jehoZ byl dlouholetym garantem a ktery vSemi svymi
silami Uspésné rozvijel.

Pane profesore, budete nim vsem moc chybét nejen jako vynika-
jici odbornik, ale i jako skvély Clovék s lidskym, vstficnym a las-
kavym pristupem. Ztracite se na$im o¢im, ale navzdy ziistanete
v naSich srdcich a vzpominkich. Za vSe Vam za celou redakéni
radu a Ceskou tunelafskou asociaci vyjadiuji velky dik.

doc. RNDr. EVA HRUBESOVA, Ph.D.

PAMATCE ING. JIRIHO SMOLIKA
TO THE MEMORY OF ING. JIRi SMOLIK

KdyZ jsem v loniské gratulaci k osm-
desdtym narozenindm dé&koval Ing.
Jifimu Smolikovi za jeho pfinosy pro
obor podzemniho stavitelstvi a za
¢innost ve prospéch naSi asociace,
tak jsem vyslovil i upfimné prani,
aby vSechny jeho aktivity trvaly ve
Netusil jsem, Ze osud rozhodne tplné
jinak. Za necely rok se s Jifim Smo-
likem lou¢ime a zlistane uchovan jiz
jen v naSich vzpominkéch.

LAST FAREWELL

On 22" March 2019, Prof. Ing. Josef Aldorf, a long-lasting
active and respected member of the TUNEL Editorial Board and
the Czech Tunnelling Association, pedagogue, researcher and
exceptional human, left us forever.

For his broad knowledge, experience and exceptional
engineering thinking he was a sought-after expert not only in
solving complicated problems of mining in the Ostrava-Karvina
coal-mining district and brown coal open cast mines, but also in the
field of geotechnical engineering and underground construction.
He significantly involved himself in the process of designing and
realisation of numerous tunnel construction projects in the Czech
Republic. He was a holder of the commemorative medal of the
Czech Tunnelling Association, which was awarded to him for the
exceptional merit for Czech underground construction industry.
Currently, he was its honourable member, whereas in the past,
he even held a position in the association’s Board and actively
participated in its work and development.

The professional life of professor Aldorf was inherently connected
with the VSB — Technical University of Ostrava, where he worked
continually from the completion of his university studies in 1962
until now. At this university, he obtained an Associate Professor
and Professor degree and the degree of Doctor of Science. In 2017,
the university appreciated professor Aldorf’s lifelong contribution
to its development, prosperity and spreading of its good name by
the prestigious award Graduate’s Trace.

At the Faculty of Mining and Geology he graduated from the
specialisation on development of mines. After the origination
of the Faculty of Civil Engineering he was the initiator of the
transformation of the specialisation of the Development of
Mines into the specialisation of Geotechnical Engineering and
Underground Construction Engineering, for which he was a long-
standing guarantor and which he was successfully developing with
all his forces.

Professor Aldorf, we will miss you all not only as an outstanding
expert, but also as a great guy with a human, helpful and amiable
attitude. You are disappearing from our eyes, but you will stay
in our hearts and memories forever. I would like to express great
thanks to you on behalf of the whole Editorial Board and the Czech
Tunnelling Association.

doc. RNDr. EVA HRUBESOVA, Ph.D.

When I was thanking Ing. Jifi Smolik, on the occasion of his
eightieth birthday, for his contributions to the field of the civil
engineering industry and for his work in favour of our association,
I expressed a sincere wish that all his activities continued, with him
enjoying good health and comfort, for many further years. I did
not suspect that the fate would decide completely differently. After
less than a year, we are parting with him and he will remain only
in our memories.

In the companies of VDUP (development of uranium mines) and
subsequently Subterra, Ing. Smolik participated in the preparation
and realisation of numerous important projects without interruption
for nearly fifty years. Apart from professional engineering activi-



Ing. Smolik se ve spole¢nosti VDUP a nasledné ve spolecnosti
Subterra podilel na pfipravé i realizaci fady vyznamnych projekta,
a to nepretrzit¢ témér padesat let. Vedle odborné inZenyrské ¢innos-
ti se velmi aktivné vénoval po dvacet let i dalSim ¢innostem uzce
souvisejicim s oborem podzemniho stavitelstvi. Od roku 1992 byl
individudlnim ¢lenem CzTA, pravidelné byl ¢lenem pfipravnych
vybora konference Podzemni stavby Praha, vCetné v soucasnosti
pripravované konference v roce 2019. Jeho dlouholeta aktivita byla
vroce 2013 ocenéna udélenim Pamétni medaile CzTA ITA-AITES.
Ing. Smolik byl ¢lenem Rady Ceské silni¢ni spole¢nosti a od roku
1995 organizoval velmi aktivné a netinavné ¢innost tunelové sekce
CSS. Nelze opominout ani jeho ptisobeni v redakéni radé Gasopisu
Silni¢ni obzor s trvalou snahou o uvefejiiovani ¢lanka s tematikou
podzemniho stavitelstvi.

Jeho témér Sedesétileté pisobeni v Ceské tunelarské komunité
nemuze byt zapomenuto. Podékovani za jeho celoZivotni pfinos
oboru podzemniho stavitelstvi, které si dovoluji vyslovit jménem
viech ¢lenti CzTA ITA-AITES i ¢lenti tunelové sekce Ceské silnic-
ni spolec¢nosti, uz Jifi Smolik neuslysi. K ucténi jeho pamatky vSak
toto symbolické podékovani nds vSech muselo zaznit.

prof. Ing. JIRI BARTAK, DrSc.
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ties, he dedicated himself very actively for 20 years even to other
activities closely associated with the underground construction
industry. From1992, he was an individual member of the CzTA,
was regularly a member of steering committees of the Underground
Construction Prague conferences, including the conference
2019 being currently under preparation. His long-lasting activity
was appreciated in 2013 by the award of the ITA-AITES CzTA
commemorative medal. Ing. Smolik was a member of the Editorial
Board of the Czech Road Society and, from 1995, he organised
very actively and tirelessly the work of the Road Tunnels section
of the Czech Road Society. It is not possible to forget his activities
in the Editorial Board of Silni¢ni Obzor (Road Horizon) journal,
where he made permanent effort for publishing papers on the
underground construction topics.

The nearly sixty years of his activities in the Czech tunnel
construction community cannot be forgotten. I would like to ex-
press our thanks for his lifelong contribution to the underground
construction industry on behalf of all members of the CzTA and
members of the Road Tunnel section of the Czech Road Society,
which, I am sorry, will not be heard by him. Anyway, the symbolic
thanks of us all had to be expressed to honour his memory.

prof. CEng. JIRT BARTAK, DrSc.

Z CINNOSTI PRACOVNICH SKUPIN CZTA WORKING GROUPS

ZPRAVA 0 CINNOSTI PRACOVNI SKUPINY PRO KONVENCNI TUNELOVANI
REPORT ON ACTIVITIES OF WORKING GROUP FOR CONVENTIONAL TUNNELLING

The Working Group continues to prepare the “Manual for con-
ventional tunnelling”, which will follow up to the “Rules and prin-
ciples of the NATM, the prevailing conventional tunnelling method
in the CR” from August 2006. The objective of the updated manual
is to provide comprehensive overview of individual conventional
methods. The manual will be divided into nine chapters. Apart from
the summary overview and characteristics of individual methods,
it will first of all provide a view of specifics of planning, design,
tendering and realisation of a project. Publication is planned for
the end of 2019.

Pracovni skupina pokracuje v pripravé ,,Prirucky pro konvencni
tunelovani*, ktera navaZe na ,,Zasady a principy NRTM jako preva-
Zujici metody konven¢niho tunelovani v CR* ze srpna 2006.

Prestoze v CR nadile zlistava nejpouZivanéjsi metodou NRTM,
cilem aktualizované pfirucky je poskytnout uceleny prehled jed-
notlivych konvencnich metod. Nékteré z nich byly v minulosti pou-
Zity pii vystavbé nékterych tuzemskych tunelll, jako je napf. meto-
da obvodového vrubu na tunelu Chomutov — Bfezno, nebo metoda
Kernbauweise na tunelu Dobrovského apod. S jinymi metodami
se nasi tunelafi naopak setkédvaji pri praci v zahranici, kde ptisobi
v ¢im dal vétSim méfitku s ohledem na maly rozsah tuzemskych
projektd podzemniho stavitelstvi. Zde se jedna predevsim Drill &
Blast Siroce rozsifenou ve skandindvskych zemich.

Pfirucka bude clenéna do deviti kapitol, poskytne kromé sou-
hrnného prehledu a charakteristickych znaki jednotlivych metod
predevsim pohled na specifika pfipravy, ndvrhu, zadani a realizace
stavby.

V soucasné dobé pracovni tym zpracoval pievaznou vétsinu kon-
ceptu jednotlivych kapitol a pocita s vydanim prirucky jiz na konci
leto$niho roku.

Ing. JIRI MOSLER

ZASADY A PRINCIPY NRTM
JAKGUPREVAZUJiCI METODY
KONVENCNIHO TUNELOVANI -V CR

L

Cesky tunelatskyakomitét ITA/AITES
Pracovni skupina pro konvencni tunelovani

Obr. Prirucka o NRTM z roku 2006
Fig. NATM manual from 2006
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Vystavba dalnicniho tunelu Spitzenberg, Némecko
Construction of Spitzenberg motorway tunnel, Germany
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